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Abstract
Objectives This bi-centric, placebo-controlled, randomized, evaluator-blinded, incomplete cross-over clinical phase II trial was
initialized to identify the most appropriate concentration of octenidine dihydrochloride (OCT) in mouth rinses.
Materials and methods Rinses of 0.10, 0.15, and 0.20%OCTwere compared to a saline placebo rinse regarding the reduction of
salivary bacterial counts (SBCs) in 90 gingivitis patients over 4 days. Changes in plaque (PI) and gingival index (GI), taste
perception, and safety issues were evaluated.
Results At baseline, the first OCT (0.10, 0.15, 0.20%) rinse resulted in a decrease of SBC (reduction by 3.63–5.44 log10 colony
forming units [CFU]) compared to placebo (p < 0.001). Differences between OCTconcentrations were not verified. After 4 days,
the last OCT rinse again resulted in a significant SBC decrease (3.69–4.22 log10 CFU) compared to placebo (p < 0.001). Overall,
SBC reduction between baseline and day 4 was significantly higher in OCT 0.15 and 0.20% groups compared to OCT 0.10% and
placebo. Mean GI/PIs were significantly lower in OCT groups than in the placebo group (p < 0.001). Differences in GI/PI
between OCT groups were not verified. Adverse effects increased with increasing OCT concentrations.
Conclusions Considering antibacterial efficacy, frequency of adverse events, and user acceptance, 0.10% OCTwas identified as
the preferred concentration to be used in future clinical trials.
Clinical relevance Due to its low toxicity and pronounced antibacterial properties, octenidine dihydrochloride (OCT) is a
promising candidate for the use in antiseptic mouth rinses. OCT concentrations of 0.10% are recommended for future clinical
trials evaluating the plaque-reducing properties of OCT mouth rinses.

(www.clinicaltrials.gov, NCT022138552)
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Introduction

In clinical practice, antiseptic mouthwashes are either used
as an adjunct to improve the efficacy of mechanical oral
hygiene or as the only measure of plaque control, e.g., in
oral trauma patients, after oral surgical interventions but
also in ventilated, long-term hospitalized, terminally ill pa-
tients [1, 2]. Antiseptics are primarily intended to reduce
the overall bacterial load in the oral cavity but also the
precipitation and proliferation of bacteria on non-
shedding tooth surfaces. Antiplaque agents have an effect
beyond antibacterial action and inhibit plaque growth and
plaque-associated inflammation [3]. During a step-wise
evaluation process of new formulations and products, the
mode of action should be investigated as precisely as pos-
sible. Besides in vitro experiments, clinically controlled
trials play a major role before regulatory approval for drugs
is granted. A new formulation containing the same active
ingredient as an already marketed product does not mean
that efficacy is equivalent [4]. Therefore, each new formu-
lation has to undergo the testing process.

Currently, chlorhexidine (CHX) is regarded the gold stan-
dard of antiplaque agents due to its efficacy and safety verified
by a multitude of clinical studies over the past 45 years [5].
Nevertheless, adverse effects of CHX use like tooth discolor-
ation, taste disturbance, and in rare occasions allergic reac-
tions led to the search for an equivalent alternative [6, 7].
Octenidine dihydrochloride (OCT), a bispyridinamine, devel-
oped in the 1980s may qualify as a suitable candidate. It has
been licensed as an antiseptic agent in 20 European countries
since 1995. Like CHX, it unspecifically binds to negatively
charged sites of bacterial cell walls as well as to all soft and
hard tissue surfaces of the oral cavity due to its cationic nature.
Binding to bacteria subsequently results in autolysis and cell
death [8]. Thus, OCT is used as a preventive or therapeutic
antiseptic for disinfecting skin, mucosa, and wound surfaces
[9]. In the oral cavity, it proved to reduce the overall bacterial
load [10, 11] by its broad spectrum efficacy affecting Gram-
positive and Gram-negative organisms as well as yeasts [12].
Exerting a sustained antimicrobial effect made OCT also suit-
able for being used as an antiplaque agent [13]. Clinical trials
verified its pronounced plaque and gingivitis-reducing prop-
erties. [13–16]. In therapeutic concentrations, OCT is well
tolerated without relevant local or systemic toxicity and does
not induce bacterial resistance [9].

Presently, 0.10% OCT in combination with 2% 2-
phenoxyethanol is commercially available as a wound andmu-
cosa disinfectant (octenisept®, Schülke & Mayr, Norderstedt,
Germany) and as an antiseptic mouth rinse (octenimed®
Gurgellösung, Schülke & Mayr, Zurich, Switzerland).
Recently, an experimental mouth rinse containing only OCT
plus flavoring agents showed promising results in an in vitro
setting against a variety of human oral pathogens [17].

Aim

The aim of this clinical short-term phase II dose-finding study
was to identify the most efficacious OCT concentration in
experimental mouth rinses regarding salivary bacterial count
(SBC) reduction, frequency of adverse events, and user accep-
tance over a 4-day application period in comparison to a
placebo.

Materials and methods

Trial design

This investigation was performed as a bi-centric phase II study
with a placebo-controlled, randomized, evaluator-blinded, 4-
day, incomplete cross-over design [18].

After screening, patients were randomly assigned to one of
three treatment groups resulting in six treatment sequences:
OCT 0.10%-placebo, placebo-OCT 0.10%, OCT 0.15%-pla-
cebo, placebo-OCT 0.15%, OCT 0.20%-placebo, placebo-
OCT 0.20%. Between both treatment periods (placebo or
OCT), a wash-out period of 14–21 days was performed
(Fig. 1).

Before study initiation, ethical approval was granted by the
institutional review board of the Technische Universität
Dresden (EK 292082013). The trial was conducted in accor-
dance with the Declaration of Helsinki and met GCP criteria.
It was registered at www.clinicaltrials.gov (NCT022138552)
and at the European Clinical Trials Database (EudraCT-No.
2013-002708-14).

All examinations and measurements were performed at the
Department of Periodontology of the Faculty of Medicine
Carl Gustav Carus Dresden and at the Division of
Periodontology of the University Hospital Würzburg between
October 2013 and February 2014. All microbiological analy-
ses were conducted at the Institute for Hygiene and
Microbiology of the University of Würzburg and the
Institute of Medical Microbiology and Hygiene at the
Technische Universität Dresden.

Study population

Study subjects were recruited from the resident population by
local advertisements or from patients entering the departments
of periodontology of Dresden or Würzburg for a routine, pro-
phylactic checkup.

Eligibility criteria

Inclusion criteria were age ≥ 18 years, presence of mild gin-
givitis (mean gingival index [19] score between 0.2 and 1.0),
and the existence of the Ramfjord teeth (16, 21, 24, 36, 42, 44)
or their replacements [20].
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Exclusion criteria were the manifestation of severe system-
ic diseases (e.g., diabetes, hepatitis, HIV, tuberculosis, can-
cer); the requirement of endocarditis prophylaxis before dental
treatments; untreated caries; gingival hyperplasia or other se-
vere oral diseases; the presence of orthodontic appliances or
removable dentures; antibiotic therapy less than 3 months and
mouth rinse use less than 8 weeks prior to the baseline exam-
ination; chronic treatment with steroids; the manifestation of
xerostomia; smoking of more than 10 cigarettes per day; hy-
persensitivity or allergy to the test product, its ingredients, or
to medications that have a similar chemical structure; preg-
nancy or breastfeeding; intellectual inability to assess essence
and consequences of study participation; and evidence sug-
gesting lack of compliance.

All volunteers willing to participate and meeting the afore-
mentioned eligibility criteria were comprehensively informed
about the aims and risks of study in a face-to-face interview
and gave their written informed consent.

OCT mouth rinses

All study products used in the study were delivered by
NextPharma GmbH (Göttingen, Germany). The study medi-
cation consisted of the test rinse containing OCT in three
different concentrations: 0.10, 0.15, and 0.20%. As negative
control, a 0.9% saline solution (placebo) was applied. Study
medication was delivered in identical white boxes. OCT
mouth rinse was provided in 250-ml bottles with a measuring
cup. The placebo was packaged in 12 single 10-ml con-
tainers. A measuring cup was added in the box. Bottles were
weighed before delivery and after return.

In total, 10 doses of the test product and 10 doses of the
placebo were applied per patient. Subjects rinsed twice
daily in the morning and in the evening with 10 ml for
30 s. The exact rinsing time was measured with a stop
watch. The use of the mouthwash was documented by the
patients on an identification card.

Screening visit

After informed consent was obtained, eligibility criteria
were checked, demographic data and concomitant

medication were documented, and the oral cavity was
inspected for abnormalities. Plaque index [21] and gingival
index [19] were recorded on the Ramfjord teeth (16, 21,
24, 36, 41, 44) [22] or their replacement teeth (17, 11, 25,
37, 31, 45) at four sites per tooth: distovestibular, vestibu-
lar, mesiovestibular, and oral.

First study period

Baseline examination (visit 1, V1)

At baseline, an examination of the oral cavity was performed,
GI [19] was assessed, and general health status and concom-
itant medication were updated by the Bevaluating physician^
(EP).

Independently, the Btreating physician^ (TP) handed out
a supply of the experimental mouth rinses to the study
subjects and instructed and supervised them to properly
rinse with the allocated mouth rinse. Immediately before
and 1 min after the first supervised rinse, study subjects
rinsed their mouth with 5 ml of sterile water for 30 s. The
water/saliva mixture was spit in a sterile lockable contain-
er, kept in the refrigerator at 4–6 °C, and sent to the micro-
biological laboratory for further SBC analysis within 4 h
after sampling.

Finally, all subjects received a professional tooth
cleaning comprising the biofilm removal of all surfaces
of the teeth using a rubber cup and a professional cleaning
paste. The study subjects were instructed to rinse their
mouth twice daily with the assigned rinsing solution for
the next 4 days and to refrain from any oral hygiene or
the use of any oral antiseptics during this period.

Reevaluation visit 2 (V2)

After 4 days of rinsing, the study patients returned and PI and
GI were recorded. Safety and tolerability were assessed by the
occurrence of adverse events (AEs) and inspection of the oral
cavity by the EP. The TP supervised the last rinse. Pre- and
post-rinsing saliva samples were taken, and a professional
tooth cleaning similar to V1 was repeated. A questionnaire
to evaluate taste, freshness, aftertaste, and the overall
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impression of the mouth rinses was given out. All study sub-
jects judged on a scale from 0 (not at all, very poor) to 10 (very
strong, very good) and returned the questionnaire to the study
nurse at the same visit. Study medication was taken back and
counted.

After V2, a wash-out phase of 14 or 21 days, respectively,
followed. During this time, subjects performed their habitual
tooth brushing, but furthermore, the use of any mouthwash
was not allowed.

Second study period

Baseline examination visit 3 (V3)

At V3, the same procedures were applied as at V1. The par-
ticipants again received study medication for home use and
returned to the study center 4 days later for visit 4 (V4).

Reevaluation Visit4 (V4)

At V4, exactly the same procedures as at V2 were executed.
Study medication was taken back and counted.

At V1 and V4, a pregnancy test (One Step®, GEDPHARM
Ltd. and Co. KG, Viersen, Germany) was performed in wom-
en of childbearing age.

Visit 5

Fourteen to 21 days later, patients were phone-called to follow
up possible AEs that might have occurred after the last rinse.
After visit 5 (V5), the study was finished. Study procedures
are summarized in Fig. 1.

Microbiological analysis

Six tenfold serial dilution saliva samples were prepared in
neutralization solution. From each dilution and a neutrali-
zation solution control, 2× 0.5 ml were inoculated on blood
agar plates (Columbia agar + 5% sheep blood; bioMérieux
SA, Marcy l’Etoile, France) and incubated at 37 °C for
48 h. Colony forming units (CFU) grown on both plates
were counted to determine the number of CFU/ml for the
respective dilution. The number of CFU per 1 ml was
determined.

Calibration and blinding

All clinical examiners met for examiner training [23].
Blinding was assured in each center by splitting up respon-
sibilities among two examiners, an EP and a TP and a
study nurse. The EP recorded all oral parameters and the
general health status, and the TP handled the study medi-
cation, collected the saliva samples, and performed the

professional tooth cleaning. EP and TP worked in separate
rooms to prevent the EP from having insight in the rinsing
allocation. The microbiological laboratories did not have
any knowledge of the sample allocation.

Randomization

Patients were consecutively assigned to screening numbers
according to their chronological entry into screening. At V1,
selected patients were assigned a consecutive randomization
number according to chronological entry into the study at
baseline. The randomization list was computer-generated by
the provider of the study medication (NextPharma GmbH).

Sample size calculation

Sample size calculation was based on preliminary evaluation
available from 20 subjects using decadic logarithm values of
SBC. Results of the evaluation 1 min after rinsing with 0.10%
OTC showed a mean SBC reduction of − 2.96 ± 0.91 log units
(Schülke and Mayr, internal data, unpublished). For non-
active controls, mean reductions of 0.14–0.30 log units were
described with an estimated standard deviation of 0.38–0.60
log units. A strong effect was assumed when the mean reduc-
tion factor was at least 1.5 log units [10]. Aiming for robust
efficacy and safety estimations, n = 24 participants were cal-
culated per treatment group, resulting in a total number of n =
72. Considering a drop-out rate of 20%, at least n = 90 sub-
jects were calculated to be randomized.

Statistical analysis

Statistical analyses were based on the intention to treat (ITT)
population; all patients were analyzed by the treatment se-
quence (OCT-placebo or placebo-OCT). The per-protocol
analysis included all patients who completed the study with-
out major protocol deviations. For all safety analyses, the ITT
population was applied. A level of significance of 5% was
defined. All calculations for change in SBC were carried out
using decadic logarithm of the absolute numbers of bacteria.
The primary endpoint, SBC reduction after single OCT appli-
cation at V1 and V3, and SBC reduction at V2 and V4 were
analyzed using a separate ANOVAmodel for each of the three
OCT concentrations including the effects Bsequence^ (place-
bo followed by OCT/OCT followed by placebo), Bperiod^
(treatment period 1/treatment period 2), and Btreatment^ (pla-
cebo/OCT). SBC reductions in saliva between V1/V2 and V3/
V4, mean PI at V2 and V4, change in mean GI between V1/
V2 and V3/V4, and evaluation of taste and flavor were ana-
lyzed by ANOVAwith factor treatment (placebo/0.10% OCT/
0.15% OCT/0.20% OCT). Multiple comparisons of means
were performed by Student-Newman-Keuls (SNK) test (α ≤
0.05). Questionnaire results (taste, general impression) were
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listed as descriptive statistics. Adverse events were listed and
assigned to the different treatment groups and periods. All
statistical evaluations and analyses were performed using
SAS V9.2 (SAS, Cary, NC, USA) and SPSS V21.0.0.0
(IBM, Chicago, IL., USA).

Primary research question

The primary endpoint was SBC reduction after a single applica-
tion of OCT in comparison to placebo application at V1 and V3.

Secondary research questions

& SBC reduction after use of OCT in comparison to placebo
mouthwash at V2 and V4

& SBC before mouthwash application at V1 compared to V2
& SBC before mouthwash application at V3 compared to V4
& Mean PI at V2 and V4
& Change in mean GI between V1/V2 and V3/V4,

respectively
& Evaluation of taste and flavor (questionnaire)
& Safety evaluation (adverse events, serious adverse events)

Results

Assignment and compliance

Overall, 90 (32 males, 58 females) healthy participants, aged
19 to 75 years (28.4 ± 11.0 years), meeting the inclusion
criteria were recruited at both study centers (Table 1). The
flow of participants is shown in Fig. 2. No major protocol
deviations occurred with exception of one patient who did
not appear at visits 3 and 4 and another patient who did not
appear at visit 2. Because the numbers of missing data are
minimal, no per-protocol analysis was performed. All 90 pa-
tients were included in the ITT analysis.

Salivary bacterial counts

Primary endpoint: After a single application of 0.10, 0.15, and
0.20% OCT rinsing formulations, mean SBCs were reduced at
V1 and at V3. SBC remained almost unchanged after the pla-
cebo rinse. There were statistically significant treatment effects
in SBC reduction after application of OCT mouth rinses com-
pared to placebo (ANOVA, p < 0.001, SNK). There were no
period effects and no sequence effects (Table 2).

At V2 and at V4, a single application of 0.10, 0.15, and
0.20% OCT led to a reduction of mean SBC, too. SBC
remained almost unchanged after the placebo rinse. There were
significant treatment effects in SBC reduction after application
of OCTcompared to placebo (ANOVA, p < 0.001, SNK). With
exception of OCT 0.15% (period effect, p = 0.0363), there were
no period effects and no sequence effects (Table 3).

After 4 days of mouth rinse application (10 doses), signif-
icant differences in SBC reduction between placebo (increase)
and all OCT concentrations (decrease) were found (ANOVA
p < 0.001, SNK). Additionally, with OCT 0.15% and OCT
0.20%, a statistically significantly higher SBC reduction was
achieved than with OCT 0.10% (Table 4).

Plaque index

At baseline, mean PI scores in all rinsing groups and the pla-
cebo group did not differ significantly from each other
(p > 0.05; Table 1). Participants showed a mean baseline PI
of 0.54 ± 0.24 before professional cleaning. The plaque index
increased in all groups during the rinsing period. However, the
increase in the placebo group was significantly more than three
times higher than in the OCT groups (ANOVA, p < 0.001,
SNK). No differences were observed between the different
OCT concentrations (ANOVA, p > 0.001, SNK; Table 5).

Gingival index

Participants showed amean baseline GI of 0.57 ± 0.19. Data per
group are listed in Table 1. No differences existed between
groups (p > 0.05). While the GI increased on average by 0.24

Table 1 Patient demographics
and baseline clinical parameters
per group

OCT 0.10% OCT 0.15% OCT 0.20%

n 29 30 31

Age [years] (mean ± SD) 29.8 ± 12.3 27.4 ± 10.9 28.1 ± 9.8

Gender

Female n [%] 18 (62.1) 19 (63.3) 21 (67.7)

Male n [%] 11 (37.9) 11 (36.7) 10 (32.3)

Plaque index (mean ± SD) 0.52 ± 0.26 0.55 ± 0.28 0.55 ± 0.19

Gingival index (mean ± SD) 0.54 ± 0.19 0.60 ± 0.20 0.58 ± 0.19

Differences between groups: ANOVA, p > 0.05

SD standard deviation, n number

Clin Oral Invest (2018) 22:2917–2925 2921



in the placebo group, it slightly decreased in the three OCT
groups over the four-day treatment period. This difference be-
tween placebo and OCTwas statistically significant (ANOVA,
p < 0.001, SNK). No differences existed between the three OCT
concentration groups (ANOVA, p > 0.001, SNK; Table 5).

Taste and general impression

All three OCT concentrations were rated to have a bitter taste;
means varied from 5.03 ± 3.54 to 5.28 ± 3.17. Freshness of
breath was judged good (6.87 ± 2.23 to 7.60 ± 1.16), and a
strong long-lasting aftertaste was observed (7.59 ± 2.63 to
8.32 ± 2.04). The general impression of OCT mouth rinses
ranged from 6.03 ± 2.36 to 6.34 ± 2.01 on average. No
concentration-dependent order could be detected, and no sig-
nificant differences between OCT concentrations existed
(ANOVA, SNK). A re-use rate of OCT rinses of 68.9% was
reported. The lowest mean rate of re-use concerned 0.20%

OCT (54.9%) while with 0.10% OCT (75.8%) and 0.15%
OCT (76.7%), it was considerably higher.

Safety

No serious adverse events and 71 AEs occurred. In 46 cases
(65%), a Bprobable^ or Bdefinite^ relation to OCT use was not-
ed. Reversible mild tooth and tongue discoloration as most fre-
quent AEs occurred in 12 subjects who rinsed with 0.10%, in 11
subjects with OCT 0.15%, and in 18 subjects with OCT 0.20%.

Discussion

This phase II study served as dose-finding study for a newly
developed octenidine mouth rinse formulation. In this early
stage of product evaluation, we primarily wanted to investi-
gate the antibacterial effect in saliva after a one-time rinse with
this antiseptic [3, 24]. Testing antibacterial action was the first

Table 2 Salivary bacterial count
(SBC) reduction factors (absolute
difference in log values between
assessments before and 1 min af-
ter rinsing, intra-individually
compared) and salivary bacterial
counts before and after use of
OCT or placebo at V1/V3 (day 0)

SBC reduction factor OCT SBC reduction factor placebo

SBC before rinsing SBC after rinsing SBC before rinsing SBC after rinsing
Mean ± SD [log] (n) Mean ± SD [log] (n)

OCT 0.10% 3.63 ± 2.11 (29)a 0.00 ± 0.70 (28)

7.01 ± 1.03 3.38 ± 1.78 7.06 ± 1.00 7.06 ± 0.98

OCT 0.15% 4.38 ± 2.07 (29)a 0.06 ± 0.73 (30)

6.94 ± 1.07 2.56 ± 1.64 6.80 ± 0.86 6.74 ± 0.93

OCT 0.20% 5.44 ± 2.02 (31)a 0.05 ± 0.71 (30)

7.21 ± 0.91 1.76 ± 1.52 6.90 ± 0.76 6.88 ± 0.86

SD standard deviation, n number, V1, V3 baseline visit
a Treatment effect in favor for OCT, p < 0.0001, ANOVA (effects of period and sequence were not statistically
significant)
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step during the in vitro evaluation process of this antiplaque
mouth rinse. At the same time, the appropriate concentration
could be identified. Plaque-inhibiting effects and effects on
gingivitis were studied here as secondary outcomes and will
be focused on in upcoming studies.

From previous studies with OCT containing solutions, it is
known that OCT has a comparable antibacterial and anti-
plaque mode of action like CHX. However, in this first study
in men, the appropriate OCT dose should be investigated rath-
er than the equivalence or superiority to CHX. This is why
only a negative control was chosen in this study instead of
CHX as positive control.

The experimental plaque model has proven its suitability in
previous studies [25–29]. As before, a cross-over design was

applied to compare between test and negative control.
Possible carry-over effects were excluded by a sufficient
wash-out period of at least 2 weeks between treatment
periods.

Antibacterial action

The test formulations showed a clinically relevant and statis-
tically significant antibacterial effect. This was proven after a
single rinse both at baseline and at day 4. The meanmagnitude
of this effect ranged from 3.63 to 5.44 and from 3.69 to 4.22
log units, respectively. If reduction factors of ≥ 1.5 correlate
with a Bstrong^ effect [10], a very strong effect was achieved
in this study with OCT. A comparable study on CHX mouth
rinse revealed smaller differences of 1.9 ± 0.9 log units 10 min
after rinsing and of 1.3 ± 0.5 log units after 7 days [30]. Other
4-day plaque re-growth studies that tested OCT in comparison
to CHX showed a similar or even stronger effect of OCT on

Table 3 Salivary bacterial count
(SBC) reduction factors (absolute
difference in log values between
assessments before and 1 min af-
ter rinsing, intra-individually
compared) and salivary bacterial
counts before and after use of
OCT or placebo at V2/V4 (day 4)

SBC reduction factor OCT SBC reduction factor placebo

SBC before rinsing SBC after rinsing SBC before rinsing SBC after rinsing
Mean ± SD [log] (n) Mean ± SD [log] (n)

OCT 0.10% 3.72 ± 1.96 (29)a 0.27 ± 0.43 (28)

6.64 ± 0.77 2.93 ± 1.67 7.70 ± 0.69 7.43 ± 0.63

OCT 0.15% 3.69 ± 1.68 (30)a 0.26 ± 0.45 (30)

6.08 ± 0.61 2.39 ± 1.54 7.66 ± 0.74 7.40 ± 0.61

OCT 0.20% 4.22 ± 2.16 (31)a 0.46 ± 1.43 (30)

6.07 ± 0.74 1.85 ± 1.80 7.68 ± 0.59 7.46 ± 0.67

SD standard deviation, n number, V2, V4 Visit after four days of rinsing
a Treatment effect in favor for OCT, p < 0.0001, ANOVA (effects of period and sequence were not significant
except OCT 0.15%: period effect p = 0.0363)

Table 4 Salivary bacterial count (SBC) reduction factors (absolute dif-
ference in log values between assessments at V1/V3 (day 0) and V2/V4
(day 4), intra-individually compared) after use of OCT or placebo after
4 days of rinsing. Mean salivary bacterial counts at days 0 and 4

SBC reduction factor

SBC day 0 SBC day 4
Mean ± SD [log] (n)

Placebo − 0.75 ± 0.84 (88)a

6.92 ± 0.83 7.68 ± 0.67

OCT 0.10% 0.37 ± 1.27 (29)

7.01 ± 1.02 6.64 ± 0.76

OCT 0.15% 0.86 ± 0.98 (30)b

6.94 ± 1.05 6.08 ± 0.60

OCT 0.20% 1.13 ± 0.77 (31)b

7.21 ± 0.90 6.07 ± 0.73

Common ANOVA model with the factor treatment (p < 0.001).
Subsequent multiple comparisons of means by Student-Newman-Keuls
test

SD standard deviation, n number
a Statistically significant compared to all OCT concentrations
b Statistically significant difference compared to OCT 0.10%

Table 5 Mean difference in plaque index (PI) and gingival index (GI)
after OCT and placebo application for 4 days. Mean GI values at day 0
and day 4

Difference in PI Difference in GI

PI Day 4 GI Day 0 GI Day 4
Mean ± SD (n) Mean ± SD (n)

Placebo 1.58 ± 0.43 (88)a − 0.24 ± 0.35 (88)a

0.56 ± 0.21 0.79 ± 0.37

OCT 0.10% 0.52 ± 0.44 (29) 0.00 ± 0.27 (29)

0.55 ± 0.19 0.55 ± 0.29

OCT 0.15% 0.43 ± 0.34 (30) 0.14 ± 0.24 (30)

0.60 ± 0.24 0.46 ± 0.21

OCT 0.20% 0.42 ± 0.30 (31) 0.12 ± 0.25 (31)

0.66 ± 0.25 0.54 ± 0.27

SD standard deviation, n number
a Statistically significant (p < 0.001) compared to all OCT concentrations
(ANOVA)
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SBC reduction. SBC could be reduced by OCT from about
7.13 log units to 2.70 log units 15min after rinsing.With CHX
0.12%, SBCs were reduced from 7.44 to 6.48 log units. At the
fourth day of daily rinsing, median SBCs were 3.40 for OCT
and 5.54 for CHX. Here, OCT exerted the strongest antibac-
terial effect [31]. A recent study by Welk and co-workers
showed a comparable antibacterial efficacy of OCT and
CHX both after a single rinse and after 4 days of rinsing [15].

The SBC reduction over 4 days can be interpreted as a
sustained effect of OCT on total bacterial load in saliva. To
the contrary, the expected increase in bacterial load was de-
tected in the placebo group due to the omission of any oral
hygiene.

Plaque and gingival inflammation

Without oral hygiene, plaque developed in all groups. On
average, an increase in PI by 0.5 was seen independently from
the OCT concentration applied. This effect is known from
CHX as even the most potent antiseptic was not able to inhibit
plaque growth completely when oral hygiene was ceased [26,
32, 33]. Plaque inhibition was clinically meaningful and suf-
ficient to prevent the development of gingivitis. When rinsing
with a placebo, mean plaque accumulation during 4 days was
about three times higher compared to OCT.

Taste and safety

Despite the efforts to mask the bitter taste with menthol oils,
the majority of participants rated the taste of OCT as bitter.
However, freshness was judged as good with a long aftertaste.
The general impression for all OCT rinses was Bmedium^
with no preference for a certain OCT concentration. About
70% of participants would re-use OCT mouth rinse with the
lowest rate for 0.20% OCT.

During OCT rinse use, only mild AEs occurred. Twenty-
nine Bdefinitely related^ and 17 Bprobably related^ AEs oc-
curred in the OCT groups including tooth and tongue staining.
Numbers of staining cases increased with increasing OCT
concentration. Staining propensity is known from previous
studies on OCT and CHX [13, 33]. In the majority of cases,
tooth staining was mild and only detected by the investigator.
Therefore, it can be summarized that the OCT mouth rinses
were well perceived and tolerated and were safe for use.

Octenidine dihydrochloride containing mouth rinses as ap-
plied in this 4-day plaque re-growth study were able to statis-
tically and clinically significantly depress salivary bacteria
after single and multiple applications. In addition, OCT was
capable to inhibit clinically relevant plaque re-growth and
gingivitis. Concerning the primary study parameter, all of
the OCT concentrations were effective. Thereby, OCT
0.10% as the lowest of the three OCT concentrations showed
a statistically significant and clinically meaningful reduction

in SBC. Furthermore, OCT 0.10% was the formulation with
the least side effects and highest re-use rate. Therefore, it is
recommended for further clinical studies.
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