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Determination of a comfortable
volume of mouthwash for rinsing

Abstract: Aim: The purpose of this study was to assess patient
comfort when rinsing for 30 s with 5, 10, 15, 20 or 30 ml volumes of
mouthwash, with the goal of establishing the most agreeable volume.
Material arid tvethods: The study was designed as a single-blind,
clinioal trial with duplicate assessments. Participants were asked to
rinse with five different volumes of mouthwash in randomized order.
All participants received a questionnaire to evaluate their attitudes
towards the volumes used based on a Visual Analogue Scale (VAS).
The extremes of the VAS were 0 (far too little) to 10 (far too much),
with a score of five representing the optimal score. After 1 week, the
participants returned, and the assessment was repeated to evaluate
the validity of the estimate. Volumes were tested for differences
regarding participants' perceptions of comfort using ANOVA and paired
f-tests, and the duplicate answers of the participants were analysed
for validity by calculating the Pearson correlation coefficient. Results:
In total, 62 participants completed both assessments, which provided
valuable data. The 15-ml volume resulted in a mean score of 5.40,
whereas the 5, 10, 20 and 30 ml volumes resulted in mean scores of
1.89, 3.71, 6.54 and 8.65, respectively. The differences between the
mean scores for all five tested volumes were statistically significant. A
correlation between the first and second VAS scores was 0.4-0.6.
Conclusion: On the basis of the results of this experiment, it can be
concluded that 15 ml is perceived as the most comfortable volume.
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Introduction

Maintaining an adequately low level of plaque via daily toothbrushing is
often difficult. Less than half of the total plaque is removed after a single
brushing exercise (1). An antimicrobial mouthwash, as an adjunct to oral
hygiene regimens, has been considered to enhance plaque removal (2).
Several mouthwashes are available on the consumer market with differ-
ent active ingredients (3). The effects of sonie of the available mouth-
washes have been reviewed recently, including eetylpyridinium chloride
(4), chlorhexidine (5, 6), hexetidine (7), hydrogen peroxide (8), delmopi-
nol (9), stannous fluoride (10), sodium fluoride (11) and essential oils (12,
13). In addition, rinses containing fluoride are available for the prevention
of root surface earies. The manufacturers of such various mouthwash
products recommend different durations for the rinsing procedure. More-
over, different volumes are recommended, ranging from 10 to 20 ml. In
terms of rinsing times, a previous study concluded that rinsing for 30 s
with 10 ml of mouthwash was sufficient for all plaque-covered surfaces of
the dentition to come into contact with the mouthwash (14). Moreover,
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when rinsing with 0.2% chlorhexidine, even 15 s appeared to
be long enough to reduce plaque levels (15). However, no stud-
ies are available that assess the volumes of mouthwash with
respect to patients' perceptions of comfort. To assure the opti-
mal compliance, it seems relevant to have information about
the mouthwash volume that is well appreciated by the patient.

The aim of this study was to investigate volunteers' subjec-
tive perceptions of comfort while rinsing with different vol-
umes of mouthwash (5, 10, 15, 20 and 30 ml volumes) and to
assess the most comfortable volume of mouthwash with which
to rinse.

Materials and methods

Ethical procedures

The study followed instructions based on the Helsinki princi-
ples. The study was registered with the Dutch Trial Register
(NTR2775). Participation in this study was voluntary. Before
enrolment, all participants were given oral and written instruc-
tions as well as a description of the aim, rationale and duration
of study participation. All participants willing to participate
signed an informed consent form prior to the study proce-
dures. The study was performed at the ACTA Department of
Periodontology in February 2011.

Participants

The participants were recruited via email and flyer advertise-
ment. In total, 66 participants were included at the start of this
study. The inclusion criterion was that the participants were
> 18 years of age. The exclusion criterion was the use of a
removable prosthesis (partial denture).

Design and procedures

The study was designed as a single-blind, clinical trial with
duplicate assessments to evaluate the validity of the VAS score
estimate. The participants were instructed to rinse with five
different volumes of mouthwash (5, 10, 15, 20 and 30 ml
volumes) in randomized order. Randomization was performed
using true random numbers obtained by RSK via www.ran-
dom.org. The concealment of the rinsing order assignment was
the responsibility of the study coordinator (RSK). No one else
was aware of the randomization order, which was kept in a
sealed opaque envelope. Case record forms only included par-
ticipant numbers and made no references whatsoever to any
rinsing order assignment. Elmex Sensitive (GABA, Weesp,
The Netherlands) was used as the mouthwash product, which
is a colourless solution that contains no alcohol and has a fluo-
ride content of 250 ppm. The different volumes were mea-
sured with measuring cups and subsequently presented in five
identical white cups. The participants could see the mouth-
wash but were unaware of the volume. They were instructed
to take the total amount of liquid inside the cup into their
mouths and were asked to rinse laboriously without swallowing

for 30 s. This was performed under the supervision of the
study coordinator, who kept track of time with a digital stop-
watch and gave instructions regarding expectoration. All partic-
ipants received a questionnaire to evaluate their opinions
towards mouthwash volumes using a Visual Analogue Scale
(VAS) as the primary outcome measure. After rinsing with
eaeh volume, the participant immediately answered the related
question. The study coordinator then gave the next mouth-
wash volume for rinsing, and the participant answered the next
related question. This was repeated for all five different vol-
umes. The participants answered the questions by placing a
vertical mark on a 10-cm-long uncalibrated line; the left
extreme represented 'far too little' (0), whereas the right
extreme represented 'far too much'. The participants were
asked to mark on each line a point that they felt best repre-
sented their perception of their current state of comfort. As
such, a mean score of five would represent the most comfort-
able volume. Finally, the participants also answered questions
concerning taste sensation, pungent feeling, rinsing time and
foaming effect of the mouthwash product to assess the second-
ary outcome measures. On the second visit (1 week later), a
repeat assessment was performed to evaluate the validity of
the VAS score estimate.

Data analysis

After all of the rinsing procedures for the two assessments
were completed, the mean VAS scores were calculated. Data
were analysed by N.A.M.R., who was blinded to the alloca-
tions. In total, data from 62 participants were analysed. The
overall mean VAS score for each volume and the separate
mean seore for each assessment were calculated. The mouth-
wash volumes under investigation were tested for differences
regarding the participants' perceptions of comfort using an
ANOVA. Post-testing in search of the origins of the differences
was performed using /-tests. The VAS scores were analysed for
the validity of the estimate by calculating the Pearson correla-
tion coefflcient between duplicate assessments (1 week apart).
Correlation coefflcients between 0 and 0.3 were considered
weak, those between 0.3 and 0.7 were considered moderate,
and those between 0.7 and 1.0 were eonsidered high (16).
P < 0.05 was accepted as statistically significant. Scatter plots
were generated where appropriate. Post hoc power calculations
were performed with PS Power and Sample Size Program (17).

Results

Participants

Figure 1 presents a flow chart of the outline of this study. Of
a group of 66 participants who started the study, four partici-
pants did not show up for their second appointment for rea-
sons unrelated to the study or the product. Subsequently, a
total of 62 participants completed the study. Table 1 provides
the demographics of the participants. No adverse events were
reported.
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Week1
{n = 66)

Week 2
(n = 62)

Lost to follow-up (n = 4)
- 1 participant was ill at the 2nd

appointment
- 1 participant was unable to

attend the 2nd appointment
- 2 participants did not show up

for their 2nd appointments

Fig. 1. Flow chart of participant enrolment.

Table 1. Age and gender of participants

Total Male Female

n =
Age in
mean

Range

years:
(SD)

62
35.3 (14.06)

20-66

19
39.7 (16.52)

20-66

43
33.3 (12.54)

20-61

Visual analogue scaie

Table 2 presents the mean scores with standard deviations for
all volumes for assessments 1 and 2 separately and the overall
mean of the two duplicate assessments. The data refer to the
questions that evaluated the mouthwash volumes on a 10-
point scale from 'far too little' to 'far too much'. The 15-ml
volume had an overall mean score of 5.40, which came closest
to the most comfortable score of 5. The 10-ml volume had an
overall mean score of 3.71, whereas the 20-ml volume had an
overall mean score of 6.54. The 5-ml volume and 30-ml vol-
ume, with scores of 1.89 and 8.65, respectively, produced
results that were closest to the extremes. Statistical analysis
revealed that there was a significant difference between the
five rinsing volumes and participants' perceptions, ANOVA
{P < 0.001). Figure 2 provides the distribution of the individ-
ual scores of the means of the two assessments for all five vol-
umes, which reveals that the distribution of individual scores
for 5 and 30 ml is closest to the extremes. The line in the
middle represents a score of 5. Figure 2 clearly shows that
15 ml had the greatest number of scores closest to this optimal
level (i.e. neither 'too little' nor 'too much'). The correlation

coefficients of the results of the duplicate VAS assessments (1
& 2) varied between 0.4 and 0.6, showing a moderate level of
reproducibility (Table 2). Table 3 presents the results of post-
testing by comparisons of the different volumes. For the
results to the other questions related to the mouthwash used,
as secondary outcome parameter from the VAS questionnaire,
see Table 4. On a scale of 0-10, where 10 is very comfortable,
the taste sensation received a mean score of 6.1. Pungent feel-
ing of the mouthwash received a mean score of 5.0. For the
rinsing time of 30 s, the mean score was 5.3, where a score of
5 was considered to be the most comfortable score (Table 4).
The foaming effect of the mouthwash had a mean score of
4.2.

Power calculation

The post hoc power calculation was performed with the 62
subjects, the smallest mean difference (1.14 between 15 and
20 ml), the corresponding standard deviation of 1.16 and alpha
set at 0.01. This provided a power of 99.9%.

Discussion

The aim of the present study was to investigate perceptions of
the most comfortable volume of mouthwash for rinsing. The
results showed that there was a significant difference in the
appreciation of the participants with respect to the various vol-
umes. The 15-ml volume had an overall mean score of 5.40 on
a VAS scale where 5 represented the optimal score. Therefore,
15 ml appears to be the most comfortable mouthwash volume
with which to rinse. The 5-ml volume was obviously consid-
ered to be 'too little' (1.89), whereas 30 ml was considered to
be 'too much' (8.65). Correlating these results to the available
literature is difficult because this is, to our knowledge, the first
study that assessed the different volumes of mouthwash with
respect to patients' perceptions of comfort.

VAS

All participants filled in a questionnaire immediately after
rinsing with each volume to allow the evaluation of their
opinions towards the different volumes of mouthwash using
a VAS. The participants placed a vertical mark on a 10-cm-
long uncalibrated line. The VAS score line had two
extremes at either end of the line. The investigator then
measured the distance along the line from the left extreme
to the marking made by the participant. The VAS is widely
used to measure clinical symptoms and can provide a valid
and reliable solution to challenging measurement problems
(18). A recent study regarding the reliability and validity of
mouth feel questionnaires with salivary flow rates indicated
that the Bluestone Mouthfeel Questionnaire, a VAS score
with questions that resemble those used in the present
study was valid for examining participants' subjective com-
ments on how their mouths felt (19). VAS scores are highly
subjective and are of less value in comparisons across groups
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Table 2, IVIean VAS scores (with standard deviation) for aii voiumes providing each of the dupiicate assessments separately and the
overall mean of both assessments together with the overaii statisticai analysis (ANOVA). These data reflect the participants' percep-
tions with respect to the following question: 'What is your opinion on the volume you rinsed with?' Extremes from 0 (far too iittie)
to 10 (far too much). In addition, the tabie provides the correlation between the dupiicate assessments

n = 62

5 ml
10 ml
15 ml
20 ml
30 ml
ANOVA P-value

Mean (SD)
Assessment 1

1,89(1,73)
3,80(1,79)
5,53(1,42)
6,76(1,72)
8,62(1,63)

<0,001

Mean (SD)
Assessment 2

1,90(1,68)
3,63(1,64)
5,27(1,00)
6,32(1,54)
8,67(1,24)

<0,001

Mean (SD)
Overall

1,89(1,42)
3,71 (1,56)
5,40 (1,02)
6,54 (1,38)
8,65(1,27)

<0,001

99% confidence
interval of

difference

the

between
assessment 1 & 2

Lower

-0,64
-0,32
-0,20
-0,15
-0,53

Upper

0,63
0,66
0,71
1,03
0,43

Assessments 1 i

coefficient

0,4
0,6
0,4
0,4
0,5

Í 2

P value*
coefficient

0,002
<0,001

0,001
<0,001
<0,001

'Pearson correlation.

Table 3, Post-testing by comparing the overaii mean VAS
scores for the various mouthwash voiumes to analyse the origin
of the significant difference as observed with the overaii test
(ANOVA; see Table 2)

n = 62

5-10 ml
10-15 ml
15-20 ml
20-30 ml

P-value*

< 0,001
< 0,001
< 0,001
< 0,001

99% Confidence i
of the difference
between volumes

Lower

-2,24
-2,12
-1,54
-2,54

nterval

Upper

-1,40
-1,25
-0,75
-1,67

*P-value from paired f-test.

Table 4. Additional questions of the questionnaire analysing
secondary outcomes with respect to the mouthwash used,
which were evaiuated using VAS scores with a range from 0 to
10 (n = 62)

Parapfirase

Rinsing
time

Taste
sensation

Pungent
feeling

Foaming
effect

Complete
question

What is your
opinion about
the rinsing
time (30 s)?

What is your
opinion about
the taste of the
mouthwash?

Did you
experience a
pungent feeling
in the mouth?

This mouthwash
foamed

With extremes

From (0)

Far too
short

Very
unpleasant

Not at all

Not at all

To (id)

Far too
long

Very
pleasant

Very
much

Very
much

IVIean
score (SD)

5,27(1,01)*

6,11 (1,93)^

5,00(1,36)^

4,21 (2,01 )t

10,00-

8,00-

8 6,00 H

= 4,00-
0)

2,00-

0,00-

5 ml 10 ml 15 ml

Volume
20 ml 30 ml

*A score of 5 is considered to be the most comfortable score,
'•'A score of 5 is considered to be an average score.

Fig. 2. Overall mean individual VAS scores of the duplicate assess-
ments per person for all volumes regarding the question: 'What is your
opinion on the volume you rinsed with?' with extremes at 0 (far too little)
and 10 (far coo much). The line in the middle represents a score of 5,
which was considered to be the optimal score.

of individuals at a single time point (20), For this reason,

we opted to use the mean of the two assessments as our

estimate of patient comfort. Two separate assessments were

performed 1 week apart. The mean scores of assessments 1

and 2 showed a moderate reproducibility with a correlation

coefficient of 0.4—0.6. It can be argued that the use of a

continuous scale may have afforded a higher degree of pre-

cision, although it seems unlikely t:hat the underlying attri-

bute can be measured to that leyel ,of precision. In addition,

VAS measure a single construct where the reliability of the

measure is low (21). This might be a reason for the moder-

ate level of reproducibility in this study, which impairs the

validity of the estimate.
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Mouth feei of the product

For the secondary outcomes, additional questions concerning
taste sensation, pungent feeling and foaming effect of the
mouthwash product were asked of the patients to investigate
their appreciation for the mouthwash used in the study (Elmex
Sensitive). The reason for selecting this mouthwash was essen-
tially the neutral taste perceived by the study coordinator. In
the study population, the taste sensation received a mean score
of 6.1, where 10 represented 'very comfortable'. The results of
the questions regarding pungent feeling and foaming effect
were 5.0 and 4.2, respectively. As such, it can be assumed that
these factors had no apparently negative or positive impact on
the results of the questions regarding the different rinsing vol-
umes. With other brands and constituents of mouthwashes, this
may have been different. Mouthwashes vary in their composi-
tion, including the addition of flavour, colour and preservative
additives such as sodium benzoate (22). For example, despite
the popularity of Listerine (Johnson & Johnson, Skillman, NJ,
USA) mouthwash (as a result of its 'clean' sensation in the
mouth), its users may find the taste unpleasant with a burning
sensation on the mucosa (23). Alcohol that is contained in
mouthwashes may cause a burning sensation that is directly
related to its concentration and to the length of rinsing. Chlor-
hexidine mouthwashes are considered to have an unpleasant
taste (23) and aftertaste (24). The presence of pain or an
unpleasant taste during mouthrinsing can be discouraging and
may have a negative impact on patient compliance (25).

been used. For instance, other mouthwashes containing ethanol
or other solvents can provide variable taste experience. The
mouthwash in this study was selected because it was relatively
neutral with respect to the above variables.

• Previous rinsing experiences with other mouthrinses may
have influenced the outcome of this study. It is, however,
impossible to preselect participants without any rinsing experi-
ence because everyone rinses at least every time following
toothbrushing.

• The use of the perception of the patient as the primary
outcome variable does not take into account the proper dos-
age of the active agent. In this study, no attention is paid to
the effect of the mouthrinse used. When formulating a
mouthrinse, manufacturers can take into account the present
observation, but should also evaluate the efficacy of dosages.

• The rinsing time was 30 s, which, as mentioned previously,
has been scientifically found to be sufficient to allow contact
with entire dentition. A shorter or longer rinsing time could
also have impact the results.
• Individual salivary fiow can influence the perception of the
volumes; salivary flow during rinsing can increase volume (28).
Additionally, the salivary flow may be different during rinsing
with the first volume compared with the fifth volume. This study
attempted to compensate for this discrepancy by having subjects
rinse with the different volumes in varying (random) orders.

• The volume of the oral cavity of the participants was not
measured. The optimal rinsing volume may depend on the
sizes of the individual mouths.

iVIanufacturers' consideration

This study is one of a series of articles that scientifically
addresses the user guidelines for mouthwashes. Many patients
do not comply with instructions on how to use antimicrobial
mouthwashes (26). Patients often perceive oral healthcare
instructions to be difficult to follow and time-consuming (27).
For this reason and to promote compliance, mouthwash manu-
facturers should prepare easy-to-use rinsing advice for patients
as well as recommending limited rinsing times. Rinsing for 30 s
with the present 15-ml mouthwash is sufficient for the mouth-
wash contact all surfaces of the dentition (14, 15). With a prefer-
able mouthwash volume of 15 ml, the dosages of the bottle caps
and the content of the bottle should be in line with this observa-
tion. Currently, the content of most bottles is 400 or 500 ml,
although it may be most sensible to aim for a total volume of
450 ml. In doing so, patients can rinse 30 times with one bottle,
which is sufficient for 2 weeks of twice-daily use.

Limitations

This study has limitations;
• Only one brand of mouthrinse was used, and it is possible that
the taste sensation, pungent feeling and foaming effect may
have had an impact on the perception of comfort per volume. It
is possible that a different volume could be associated with the
most comfortable perceptions had other brands of mouthrinses

Directions for further research

This study was confined to a neutral mouthwash.

• Different brands with various ingredients may provide other
outcomes.
• Differences in gender, culture or ethnic groups may also
have an impact on the outcome of the study.

Future studies may include larger sample sizes to perform
subanalysis based on these variables.

Clinical relevance

Scientific rationale for the study

Various manufacturers' recommend different mouthwash vol-
umes for rinsing, which range from 10 to 20 ml as included
their user instructions. No studies are currently available
assessing patients' perceptions of comfort regarding the vol-
umes of mouthwash.

Principal findings

Based on the results of this experiment and within this study
population, it can be concluded that the most pleasant volume
of mouthwash for mouthwashes is 15 ml. This volume had a
mean VAS score of 5.40, which was closest to the optimal
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score of 5. The differences between the mean VAS scores of
rinsing with 15 ml and other volumes were signifieant.

Practicai implications

The dosage of the bottle cap and the content of the bottle
should be in line with the preferable mouthwash volume of
15 ml. Currently, the content of most bottles is 400 or 500 ml,
although it may be most sensible to aim for a total volume of
450 ml. In doing so, patients can rinse 30 times with one bot-
tle, which is appropriate for 2 weeks used twice daily.

Conclusion

On the basis of the results of this experiment and within this
study population, it can be concluded that 15 ml is perceived
as the most comfortable volume of a fluoride mouthwash.
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