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Abstract
Background: Chlorhexidine (CHX) mouth rinse/spray can still be considered the
gold standard in the chemical prevention of plaque formation and development of
gingivitis. The product unfortunately has some side effects, such as extrinsic tooth
staining, poor taste, taste disturbance, sensitivity changes in tongue, pain and irritation
because of the alcohol content. These side effects led to the search of new
formulations.

Methods: In this double-blind, randomized, long-term, parallel study, 48 moderate
periodontitis patients rinsed for 6 months (starting immediately after a ‘‘one-stage,
full-mouth’’ disinfection) with one of the following products: CHX 0.2%1alcohol
(Corsodyl

s

), CHX 0.05% 1 cetyl pyridinium chloride (CPC) 0.05% and no alcohol
(Perio-Aid Maintenance

s

, a new formulation), or the placebo of the latter. After 1, 3
and 6 months a series of clinical and microbiological parameters were recorded for the
supra- and subgingival area as well as for saliva.

Results: Although there was a significant treatment impact (mechanical debridement)
in all groups, both CHX solutions further decreased both plaque and gingivitis indices
(po0.001 and po0.05, respectively), when compared with placebo. This was also
reflected by additional reductions in the number of CFU/ml of aerobic and especially
anaerobic species and by a suppression of Streptococcus mutans (versus an
overgrowth for the placebo), in all niches. Differences between both CHX solutions
were never encountered. The subjective ratings were slightly in favour of the new
CHX–CPC formulation when compared with the other CHX–alcohol formulation,
especially for taste of the product (po0.05), but less impressive for the staining of
teeth and tongue.

Conclusions: The results of this study demonstrated the potential of a new CHX
0.05%1CPC 0.05% non-alcoholic formulation as an effective antiplaque agent for
long-term use with reduced subjective side effects.
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Optimal plaque control still is the
cornerstone of a successful treatment
of periodontitis and/or in maintaining
periodontal health. Supragingival pla-
que control may be considered as a

‘‘sanitary’’ procedure that lowers the
levels of potentially pathogenic species
in the oral cavity. As such, this reduc-
tion in the reservoir of potentially
pathogenic organisms is of major im-
portance in lowering the risk of disease
recurrence in susceptible individuals
(Socransky et al. 2002, Socransky &

Haffajee 2002). Moreover, several key
papers clearly illustrated that subgingi-
val debridement and/or periodontal sur-
gery are only successful when combined
with optimal plaque control and/or
repeated professional cleaning (Lindhe
& Nyman 1975, Nyman et al. 1975,
Rosling et al. 1976, Axelsson & Lindhe
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1981a, b, Lindhe et al. 1982, 1984,
Axelsson et al. 1991, Westfelt et al.
1998, Ximenez-Fyvie et al. 2000, Chec-
chi et al. 2002).

Supragingival plaque control has also
an added benefit because it also affects
both the numbers and the composition
of the subgingival microbiota. This may
be because of a direct effect of the
supragingival colonizers on subgingival
organisms and/or an effect on the
adjacent periodontal tissues (healing of
periodontium has indirect effect on
subgingival flora). Indeed, the removal
of the supragingival plaque and the
resulting improvements in the gingival
margin will reduce the essential growth
requirements for the subgingival flora so
that bacterial numbers will decrease
spontaneously (Socransky & Haffajee
2002). This beneficial aspect has been
illustrated in several clinical trials
examining the impact of repeated sup-
ragingival professional cleaning on the
subgingival flora (Dahlen et al. 1992, al
Yahfoufi et al. 1995, Hellstrom et al.
1996).

Antiplaque agents can be recom-
mended in situations in which oral
hygiene is difficult, compromised or
impossible (Addy & Moran 1997a).
Chlorhexidine (CHX) mouthrinse, spray
and/or gel can be considered as the gold
standard for oral antiseptics (for review
see Addy 1986, Addy et al. 1994,
Bollen & Quirynen 1996, Jones 1997,
Addy & Moran 1997b). The antibacter-
ial activity of CHX was found to be
dosage dependent, with 0.1% being a
threshold level above which no further
benefits can be expected (Bonesvoll et
al. 1974, Jenkins et al. 1994a, b, Smith
et al. 1995, Ernst et al. 1998). Unfortu-
nately, CHX, as most active antiseptics,
has some disadvantages (Flotra et al.
1971, Loe et al. 1976). It infrequently
irritates the oral mucosa in a non-
dosage-dependent matter. Discoloura-
tion of the pellicle, especially in the
inter-proximal areas, and tongue are
often encountered. The former is caused
by a precipitation reaction between
tooth-bound CHX and chromogens
from food or beverages, or can be
smoking related (Addy et al. 1991a, b).
Nordbo et al. (1982) linked this staining
to the denaturing capacity of CHX by
which the released iron can participate
in the staining. CHX also has a
reversible effect on the taste (intensity
and quality) for NaCl and quinine–
HCL, and to a lesser extent on the taste
quality of sucrose and citric acid (Helms

et al. 1995). Most CHX rinses, contain
ethanol which can cause a dose-related
pain (Bolanowski et al. 1995). Some of
them may contain 25% alcohol or more
and could eventually increase the risk
for oral cancer, especially in regular
users of mouth rinses (Wynder et al.
1983, Smigel 1991, Winn et al. 1991).
Although the relationship between alco-
hol-containing mouth rinses and the
prevalence for oral cancer remains a
matter of debate, because of a number
of confounding variables (Elmore &
Horwitz 1995, Shapiro et al. 1996), the
above-mentioned observations are
further impetus for the development of
non-alcohol-containing mouth rinses.
Moreover, for some patient populations
(mucositis, head and neck irradiation,
immuno-compromised, alcoholics)
alcoholic solutions are contraindicated
(Eldridge et al. 1998). Alcohol – espe-
cially ethanol – is a common chemical
agent to dissolve substances in mouth
rinse solutions. In some mouth rinses
containing CHX it is added to prevent
product contamination, for example by
Pseudomonas spp. By itself, ethanol
possesses only a slight antibacterial
efficacy against oral bacteria in vitro
and in vivo and will only be efficient
when its concentration is 450% (Gjer-
mo et al. 1970, Sissons et al. 1996).

In this perspective, the present study
aimed to examine the antibacterial
capacity and side effects of a new
CHX solution with a lower concentra-
tion of CHX (0.05%) in combination
with 0.05% cetyl pyridinium chloride
(CPC) and without ethanol, over a 6-
month period. Several papers already
highlighted that an alcohol-free solution
containing 0.12% CHX10.05% CPC
forms a good alternative to the exist-
ing alcohol-containing CHX solutions
(Quirynen et al. 2001, Herrera et al.
2003).

Material and Methods

Subjects

Sixty-one Caucasians volunteered for
this study, but only 48 (mean age5 48.8
years, 27 females) completed the 6
months clinical trial. They all suffered
from moderate-to-severe periodontitis
[at least two multi-rooted and two
single-rooted teeth per quadrant with
probing depths X6 mm, and radio-
graphic evidence of bone loss (X1/3
the root length)]. All subjects were in
good general health and none of them

had used any antimicrobials during 4
months prior to the study. After an
explanation of the therapy, all partici-
pants signed an informed consent form.
The protocol had been favourably
reviewed by the Clinical Trials Com-
mittee of the University Hospital.
Patients (n5 13) dropped out from the
study, mostly because of the intake of
antibiotics [(often for a severe cold
(n5 8) or for another pathology
(n5 2)], or because of medical compli-
cation (n5 3) not linked to the oral
pathology. The dropout group did not
differ significantly from the group
completing the study, except for a
slightly higher proportion of smokers.

Experimental design

A double-blind, randomized, 6-month
clinical trial with parallel grouping was
set up to follow the long-term effect
(e.g. clinical efficacy, adverse effects,
microbial shifts, Table 1) of three mouth
rinses as maintenance product. The
patients were selected by a clinician
who evaluated the inclusion and exclu-
sion criteria (the latter including recent
intake of antibiotics, medical history
rendering antibiotic prophylaxis during
periodontal therapy mandatory, anti-
coagulance, chemotherapy, irradiation
in head and neck area, etc.). This
clinician was masked for the allocation
of the rinses.

At baseline all patients received a
‘‘one-stage, full-mouth disinfection’’
(Mongardini et al. 1999, Quirynen et
al. 1999a) including a scaling and root
planing of all pockets within 24 h (local
anaesthesia) with standard periodontal
curettes, immediately followed by an
additional disinfection of all intra-oral
niches for periopathogens via a sub-
gingival irrigation of all the pockets
(three times within 10 min.) with a 1%
CHX gel (Corsodyl gel

s

, Glaxo-
SmithKline, Genval, Belgium), tongue
brushing (by the patient) for 60 s with
the same gel, and rinsing twice with a
0.2% CHX solution (Corsodyl gel

s

,
GlaxoSmithKline) for 1 min.

All subjects were instructed to rinse
twice daily for 1 min. with one of the
three test rinses for a period of 6
months. The rinses were coded to pre-
vent any bias and the codes were not
broken before the end of the study. The
patients were randomly allocated by a
second clinician (uninformed about the
protocol) to one of the following rinses
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(by the order of intake and correcting at
the end for the dropouts):

� a positive control rinse (n5 16):
10 ml of CHX 0.2% in alcohol
(Corsodyl, GlaxoSmithKline; abbre-
viation CHX–Al);

� a test solution (n5 16):15 ml of
0.05% CHX and 0.05% CPC as
active ingredients but without alco-
hol (Perio-Aid Maintenance

s

, Den-
taid, Barcelona, Spain, abbreviation
CHX–CPC )

� or a placebo (n5 16) of the test
solution (15 ml) containing all in-
gredients except CHX and CPC
(abbreviation Pla).

The patients were instructed to leave
at least 1/2 h between toothbrushing and
rinsing, in order to prevent an inactiva-
tion of the CHX by detergents in the
toothpaste (Barkvoll et al. 1989). Dur-
ing the entire period of 6 months, no
further subgingival instrumentation was
allowed.

Oral hygiene

All patients received standard oral
hygiene instructions immediately after
the first session of scaling and root
planing including inter-dental plaque
control (inter-dental brushes, Inter-
prox

s

, Dentaid) and tongue cleaning
(tongue scraper, Halita

s

, Dentaid) twice
a day. All patients were also provided

with the same toothbrushes (Vitis
s

Suave, Dentaid) and the same tooth-
paste (Fluor Aid 250

s

, Dentaid). Oral
hygiene control and re-instruction were
given at several occasions (week 1, and
months 1, 3 and 6, respectively). More-
over, at the 1-, 3- and 6-month recall
visits, all teeth were polished to remove
eventual staining.

Periodontal parameters (Table 1)

The following parameters (in sequential
order) were recorded prior to subgingi-
val debridement (baseline), and at the
end of months 1, 3 and 6):

� tooth staining using the Quigley &
Hein (Turesky et al. 1970) plaque
index for the Ramfjord teeth (16, 21,
24, 36, 41, 44; Rams et al. 1993);

� plaque surface extension (after dis-
closure with a 4% aqueous erythro-
sin solution) assessed using the
Quigley & Hein (Turesky et al.
1970) and the modified Navy plaque
indices (Hancock & Wirthlin 1977)
for same teeth;

� degree of gingival inflammation
along Ramfjord teeth using the
sulcus bleeding index (Muhlemann
& Son 1971), with six sites per tooth
(mesially, centrally and distally both
buccally as well as orally), the
scores ranging from 0 to 5; and
along the contra-lateral teeth (14,

11, 26, 34, 31, 46) using the pa-
pillary bleeding index (Saxer &
Muhlemann 1975), with four sites
per tooth (approximal area) the
scores ranging from 0 to 4.

These indices are considered very
reliable (Marks et al. 1993, Newbrun
1996), and the validity of the Ramfjord
teeth to replace a full-mouth recording
has previously been confirmed earlier
(Silness & Roynstrand 1988).

The following clinical parameters (in
sequential order) were recorded imme-
diately after debridement and at the end
of months 3 and 6, in the right maxillary
quadrant (reference quadrant):

� the probing depth to the nearest
0.5 mm (buccally and orally of each
root, and at each approximal site,
both buccally and orally) by means
of a Merrit B

s

probe (Hu-Friedy,
Chicago, IL, USA);

� the bleeding tendency evaluated 20 s
after probing the depth of the
pocket; the scores are 0 (absent) or
1 (present).

Microbial samples

The following four samples were col-
lected at baseline, and after 3 and 6
months (Table 1), respectively:

� 0.2 ml saliva [representative for the
microbial load in the oral cavity,
(Umeda et al. 1998) collected in
1.8 ml (Syed & Loesche 1972)];

� all supragingival plaque from the
buccal and palatal surfaces of the
two teeth (e.g. 16, 24) removed with
sterile curettes and pooled in one
cup with 2 ml reduced transpost
fluid (RTF);

� the subgingival flora of single- and
multi-rooted teeth in the maxillary
right quadrant (pooled samples into
a cup containing 2 ml RTF-from the
three deepest approximal sites/tooth
type at baseline); the selected sites
were cleaned supragingivally (ster-
ile curettes) prior to sampling, iso-
lated from saliva (cotton rolls) and
gently dried to prevent contamina-
tion; per site, four sterile medium
paper points (Roeko

s

, Langenau,
Germany ) were inserted (two buc-
cal and two lingual) and kept in
place for at least 10 s.

Periopathogens

Aliquots of 0.1 ml of the first three
dilutions were plated manually for the

Table 1. Flow chart of the study including pre- and post-study activities

Investigational events Prior to study Baseline Week Month

1 1 3 6

Medical history x
Dental status x
Intra-oral long-cone RX x
Periodontal status x
Periodontal status 1 quadrant x x x
One-stage full-mouth disinfection x
Allocation to rinse x
Oral hygiene control x x x x x
Oral hygiene instruction x x x x x
Polishing x x x
Plaque samples

Saliva x x x
Supragingival plaque x x x
Subgingival xx xx xx

Plaque indices (n5 2) x x x x
Gingivitis indices (n5 2) x x x x
Staining indices x x x x
Soft-tissue conditions x x x x
Questionnaires x x x x
Taste perception x x x
Adverse events x x x x

RX, radiographs.
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detection of Actinobacillus actinomyce-
temcomitans on a highly selective
medium (Alsina et al. 2001). The
dilutions 10� 1–10� 5 were plated in
duplicate onto non-selective blood agar
plates. After 7 days of anaerobic
incubation and aerobic incubation at
371C, the total number of CFU/ml were
counted. For each pigmented (black,
green, brown) colony ‘‘type’’ (further
referred to as b.p.b.5 black pigmented
bacteria) on the representative anaero-
bic plate, every third colony was sub-
cultured and identified (for details see
Quirynen et al. 1999a). The dilutions
10� 1–10� 5 were also plated on two
additional selective media: the Ham-
mond medium for the detection of
Campylobacter rectus and the CVE
medium for the detection of Fusobac-
terium nucleatum (Walker et al. 1979,
Hammond 1988).

Cariogenic species

For the detection and identification of
cariogenic species, serial 10-fold dilu-
tions (up to 10� 5) were plated on
selective media:

� TYCSB medium (trypticase, yeast,
cystine agar, supplemented with 40
w/v Sucrose and 0.2 U/ml Bacitra-
cin), for the isolation of Streptococ-
cus mutans and Streptococcus
sobrinus;

� Rogosa medium (Bacto Rogosa SL
agar, Difco

s

, Led Techno, Eksel,
Belgium) for lactobacilli (Rogosa
et al. 1951, Schupbach et al. 1995).

Questionnaire (visual analogue scale)

At each follow-up visit (week 1, and
months 1, 3 and 6) the subjects were
asked to complete, anonymously, a
questionnaire concerning the taste of
the product, loss of taste, special sensa-
tions on the tongue or mucosae, and the
staining of their teeth and tongue. A last
question estimated the compliance of
the patient by asking whether the patient
followed the rinse instructions strictly.
All questions were answered by making
a cross mark on a 100 mm line with the
most extreme answers at both ends.

Taste sensation

At baseline and during the 3 and 6
months follow-up, all subjects were
submitted to recognition tests for salt,
sweet, sour and bitter. For all tastes

(sodium chloride, saccharose, citric acid
and quinine), different concentrations
(with 1/3 concentration reductions)
were prepared. Starting with the lowest
concentration of a randomly chosen
taste, one drop was put on the tongue,
using a dropping bottle. The concentra-
tion was increased in successive trials
until the given taste was correctly
identified (recognition threshold identi-
fication, Helms et al. 1995).

Statistical analysis

The hypotheses of this study were that
the two CHX rinses acted equally
efficient when compared with each
other, but significantly better than the
placebo. For all analyses the patient was
considered the statistical unit by calcu-
lating per patient a mean value for each
variable. Moreover, transformations
(e.g. a logarithmic, a square power or
a square root) were carried out in order
to satisfy the assumptions of normally
distributed error terms.

A linear mixed model was fitted
taking into account the patient as a
random factor, and the mouth rinse as
fixed factor (together with the experi-
mental period if the latter was of
significant importance according to the
Akaike’s information criteria). When
data were obtained over several fol-
low-up visits, the factor month was also
included. Under the latter condition, the
patient was also considered as a subject
for repeated measurements. Differences
between mouth rinses and/or with base-

line values were looked for via a set of
pair-wise comparisons, corrected for
simultaneous hypothesis testing using
the Tukey–Kramer method for multiple
comparisons. Before each analysis, the
residuals were tested for normality by a
normal QQ-plot. In case of a deviation
from normality, data were transformed
by a log or power transformation.

Results

Plaque indices

Both plaque indices [modified Quigley
& Hein (Turesky et al. 1970) and
modified Navy plaque index (Hancock
& Wirthlin 1977)] reduced significantly
for all three groups (Fig. 1) after
mechanical debridement and oral
hygiene instruction (treatment effect,
po0.001). The CHX–Al and CHX–
CPC rinse, although never significantly
different from each other (p always
40.5), showed a significant additional
reduction in plaque scores, when com-
pared with placebo (po0.002), and this
for all follow-up visits (p values ranging
from 0.05 to 0.0005 depending on
follow-up visit, 0.005 especially for 3-
and 6-month observations). For all
follow-up visits, CHX–Al and CHX–
CPC rinsing resulted in values below
50% of that of the placebo rinse. These
additional improvements were most
impressive for the oral surfaces when
the Navy plaque index was considered.
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Fig. 1. Mean Quigley & Hein plaque index over a 6-month follow-up period of daily plaque
control in combination with twice daily use of a mouth rinse [0.2% chlorhexidine (CHX) 1
alcohol versus 0.05% CHX10.05% cetyl pyridinium chloride (CPC) without alcohol versus
placebo] sorted per rinse (with 16 subjects per product) and per follow-up visit (before
mechanical debridement, and after 1, 3 and 6 months).
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Gingival indices

Consequently, also the degree of gingi-
val inflammation [scored via the Sulcus
Bleeding index (Muhlemann & Son
1971) or the papillary bleeding index
(Saxer & Muhlemann 1975)] reduced
significantly over time (Figs. 2a and b)
for all rinses (treatment effect,
po0.001). Besides this significant treat-
ment effect, both the CHX–Al and the
CHX–CPC rinses resulted in a small but
statistically significant additional
improvement in gingival health (po
0.05 for sulcus bleeding index, p5 0.10
for papillary bleeding index), especially
at the 6-month follow-up were the
placebo group shows some relapse. At
the 6-month observation, the gingivitis
indices for both CHX rinses were about

half the value of that for the placebo
rinse.

Tooth staining

The degree of tooth staining signifi-
cantly increased (po0.001) for both
CHX rinses, and this in contrast to the
placebo solution (Fig. 3). Between the
CHX rinses the differences were negli-
gible (p40.05), but always lower for
the CHX–CPC rinse.

Probing depth

The probing depths reduced for all three
test groups, with a significant treatment
effect (po0.001). Initially, deep pock-
ets (X7 mm) improved from an overall

mean depth of 7.2 and 7.4 mm for single
and multi-rooted teeth, respectively, to
4.9 and 5.3 mm. For the medium pock-
ets (4–6 mm) the corresponding changes
were from 4.7 and 4.8, to 3.5 and
3.8 mm, respectively. The impact of the
two CHX-containing rinses when com-
pared with the placebo solution was,
however, negligible.

Also the bleeding on probing ten-
dency significantly decreased after ther-
apy (po0.0001) from around 70% to
30%. Both CHX rinses always scored
superior reductions when compared with
the placebo, but the differences were
borderline significant (p5 0.06 for pro-
duct effect).

Microbiological data

In contrast to the placebo group where
the total number of CFU/ml in samples
from the supragingival plaque showed
only negligible changes over time
(reductions 40.5 log values, especially
for the aerobic flora p40.20), signifi-
cant reductions with time (po0.001)
were detected in both CHX groups and
for both aerobic as well as for anaerobic
species (reductions around 1.0 log
values, po0.001, Fig. 4). Differences
between the CHX–Al and CHX–CPC
rinses were never detected (p always
40.90, for each follow-up visit).

The changes in the microbial load
within the saliva are also shown in Fig.
4. For the placebo solution, the number
of CFU/ml aerobic or anaerobic species
did not show any change (data within
0.1 log value). The two CHX solutions
showed some small, but statistically
significant (po0.05) reductions (X0.4
log value) when compared with base-
line, for both aerobic and anaerobic
species. The differences between both
CHX rinses were again negligible
(p40.90).

The changes in subgingival microbial
load around single- and multi-rooted
teeth, respectively, are depicted in Fig.
5. The number of aerobic as well as
anaerobic species around single-rooted
teeth reduced significantly (up to 1.0 log
value) for both CHX groups (po0.005
at month 3, po0.05 at month 6 for
aerobic and po0.005 for anaerobic
species, respectively), but remained
nearly unchanged for the placebo group
(small treatment effect with a 0.3 log
reduction). Between CHX–Al and
CHX–CPC rinses, significant differ-
ences were never detected (p always
40.50, for each follow-up visit) and the
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Fig. 2. Mean gingivitis indices [(a) sulcus bleeding index (Muhlemann & Son 1971); (b)
papillary bleeding index (Saxer & Muhlemann 1975)] over a 6-month follow-up period of
daily plaque control in combination with twice daily use of a mouth rinse [0.2%
chlorhexidine (CHX) 1 alcohol versus 0.05% CHX 1 0.05% cetyl pyridinium chloride
(CPC) without alcohol versus placebo] sorted per rinse (with 16 subjects per product) and per
follow-up visit (before mechanical debridement, and after 1, 3 and 6 months).

394 Quirynen et al.



changes obtained at month 3 could be
maintained up to month 6. For the
multi-rooted teeth the changes were
comparable with similar intra- as well
as inter-product variations.

Finally, the detection frequency of
specific cariogenic and periopathogenic
species are summarized in Table 2. It is
obvious that the detection frequency for
S. mutans clearly decreased with both
CHX-containing mouth rinses, but incr-

eased with the placebo solution. For the
latter rinse, the number of CFU/ml for
S. mutans slightly increased with time.
The detection frequency for Lactobacilli
species decreased in the two CHX
groups, and remained stable in the
placebo group. For the periopathogens
Porphyromonas gingivalis and Prevo-
tella intermedia significant reductions
were recorded after therapy, but again
less impressive for the placebo solution.

A. actinomycetemcomitans was only
sporadically detected (in 7/48 patients)
and only at baseline, but never at the 3-
or 6-month follow-up visits.

Subjective evaluations

The outcome of the anonymous ques-
tionnaires, with VAS ratings, is depicted
in Fig. 6. The CHX–Al rinse scored
significantly worse (p5 0.004) for its
taste when compared with the CHX–
CPC combination, which by itself was
not considered different from placebo
(p5 0.21). Both CHX solutions scored
significantly worse, when compared
with the placebo, concerning loss of
taste perception (po0.0001) and degree
of tooth staining (po0.02 for CHX–Al,
0.08 for CHX–CPC). For the staining of
the tongue only the CHX–Al rinse
scored significantly worse than the
placebo (p5 0.02).

The compliance of the patients with
the rinsing instructions was similar for
the three test products (p5 0.16),
although difference in time could be
detected (reduced compliance over
time, po0.001). In general, the degree
of compliance dropped from 95% after
1 week (data not shown) to around 75%
at the end of the study. Inter-product
differences could thus not be detected
(p40.50).

Changes in taste recognition

The changes in taste recognition are
summarized in Fig. 7. Obvious changes
in time or between products were not
detected.

Discussion

This paper presents the data of a long-
term, double-blind study where CHX
solutions were used as an adjunct to
mechanical debridement in a group of
patients with moderate-to-severe perio-
dontitis. In general, the two CHX-
containing mouth rinses improved the
supragingival plaque control and had an
additional beneficial effect on both the
degree of gingival inflammation and the
microbial load within the oral cavity.
Both CHX solutions resulted in an
adjunctive reduction (on top of the
treatment effect because of debride-
ment) in bacterial load of 0.5–1.0 log
value for all examined niches (supra-
gingivally, subgingivally, and to a lower
extent in the saliva). Especially the
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Fig. 3. Mean degree of tooth staining (scored via the Quigley & Hein plaque index) over a
6-month follow-up period of daily plaque control in combination with twice daily use of
a mouth rinse [0.2% chlorhexidine (CHX) 1alcohol versus 0.05% CHX10.05% cetyl
pyridinium chloride (CPC) without alcohol versus placebo] sorted per rinse (with 16 subjects
per product) and per follow-up visit (before mechanical debridement and after 1, 3 and 6
months).
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Fig. 4. Mean changes in total number of CFU/ml (aerobic ‘‘A’’ and anaerobic ‘‘An’’
culturing) in samples from the supragingival plaque (Su) and from the saliva (Sa) over
a 6-month follow-up period of daily plaque control in combination with twice daily use of a
mouth rinse [0.2% chlorhexidine (CHX) 1alcohol versus 0.05% CHX10.05% cetyl
pyridinium chloride (CPC) without alcohol versus placebo] sorted per rinse (with 16 subjects
per product) and per follow-up visit (before mechanical debridement and after 3 and 6
months).
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beneficial effect of both CHX solutions
on the subgingival flora is somewhat
surprising as it is known that mouth
rinses normally do not penetrate sub-
gingivally. Our observations indicate a
retardation of the subgingival re-colo-
nization/maturation by the impact of the
CHX solutions either on the supragin-
gival plaque and/or on the periodontal
tissues. Both rinses indeed showed,
besides reduced plaque scores, an addi-
tional reduction in the bleeding on
probing tendency. Although not signifi-

cantly different from placebo (due to the
important treatment effect by itself),
both rinses also resulted in a more stable
probing depth reduction (the placebo
group showed a tendency for relapse
over time).

Several recent papers examined the
role of alcohol, especially ethanol, in
the antibacterial activity of CHX-con-
taining mouth rinses. In general, it was
observed that the removal of the alcohol
from the rinse had no, or only a minor
impact on the antiplaque activity of the

other active ingredients (Eldridge et al.
1998, Quirynen et al. 2001, Leyes
Borrajo et al. 2002, Herrera et al. 2003).

The data of this study, as far as the
knowledge of these researchers goes,
illustrate for the first time, in vivo, that
the replacement of alcohol in a CHX
formulation by CPC did not change the
antibacterial activity, even though the
CHX concentration (0.05%) was
reduced below the 0.10% threshold
level often suggested as the optimal
antibacterial activity (Jenkins et al.
1994b, Smith et al. 1995, Ernst et al.
1998). Recently, two other papers
already reported on the clinical and
microbiological benefits of a 0.12%
CHX10.05% CPC formulation without
alcohol, and indicated that this new
formulation was indeed very promising
(Quirynen et al. 2001, Herrera et al.
2003). An in vitro antimicrobial activity
test (1 min. contact time) showed that
the new formulation was even more
efficient than a 0.12% CHX solution
with alcohol in killing specific perio-
pathogens and cariogenic species (Her-
rera et al. 2003). An in vivo test
indicated that the new formulation was
equally efficient in reducing the bacter-
ial load in the saliva over a period of 5 h
(Herrera et al. 2003), when compared
with a CHX 0.12%1alcohol solution,
but significantly superior to a CHX
0.12% without-alcohol solution, or a
combination of CHX and sodium fluor-
ide (Herrera et al. 2003). In our previous
project on the effect of different CHX
formulations on the de novo plaque
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Fig. 5. Mean changes in total number of CFU/ml (aerobic ‘‘A’’ and anaerobic ‘‘An’’
culturing) in samples from the subgingival flora [pooled samples from single (Sr) and multi-
rooted (Mr) teeth, respectively], over a 6-month follow-up period of daily plaque control in
combination with twice daily use of a mouth rinse [0.2% chlorhexidine (CHX) 1alcohol
versus 0.05% CHX10.05% cetyl pyridinium chloride (CPC) without alcohol versus placebo)
sorted per rinse (with 16 subjects per product) and per follow-up visit (before mechanical
debridement and after 3 and 6 months).

Table 2. Detection frequency for specific species (Streptococcus mutans, Lactobacilli species, Porphyromonas gingivalis and Prevotella
intermedia) in samples from different niches (supragingival plaque, subgingival plaque for single (Sr) and multi-rooted (Mr) teeth, respectively,
and from the saliva) sorted per mouth rinse (CHX 0.02% with alcohol, 0.05% CHX10.05% CPC without alcohol, and placebo) and per follow-up
visit (baseline and moths 3 and 6)

Sample Formulation S. mutans Lactobaccilli P. gingivalis P. intermedia

month month month month

0 3 6 0 3 6 0 3 6 0 3 6

Plaque supra CHX 0.2%–Al 6 0 0 8 6 5 0 1 0 11 8 8
CHX 0.05%–CPC 0.05% 10 1 2 13 3 5 3 1 1 10 6 9
Placebo 3 8 8 11 11 11 4 1 0 13 10 13

Plaque Sub Sr CHX 0.2%–Al 1 0 0 9 2 3 8 2 5 14 5 5
CHX 0.05%–CPC 0.05% 6 1 1 10 3 4 10 3 2 12 7 8
Placebo 3 4 6 9 4 9 5 3 2 14 11 10

Plaque Sub Mr CHX 0.2%–Al 6 0 0 8 5 8 6 2 4 12 9 9
CHX 0.05%–CPC 0.05% 7 2 1 14 6 8 11 6 4 15 11 10
Placebo 4 6 7 10 7 10 6 3 3 13 13 13

Saliva CHX 0.2%–Al 5 1 1 10 8 11 2 0 1 13 4 5
CHX 0.05%–CPC 0.05% 12 3 2 14 6 8 6 0 0 10 5 4
Placebo 4 10 10 10 9 12 5 1 0 14 11 15

Streptococcus sobrinus and Actinobacillus actinomycetemcomitans were only infrequently detected.

CHX, chlorhexidine; CPC, cetyl pyridinium chloride; Al, alcohol.
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formation (over a period of 11 days), the
CHX 0.12%1CPC 0.05% formulation
was found to be significantly superior to
a CHX 0.12% with 0.05% sodium
fluoride, and equally efficient as a
0.2% CHX1alcohol solution (Quirynen
et al. 2001).

These data should be interpreted with
some caution. Because the molecular
weight of CPC is 340 and that of CHX
is 896, the number of active molecules
in a 0.05% CPC10.05% CHX solution
is high, with 2.6 times more molecules
of CPC than of CHX. The latter indi-
cates that when a 0.05% CPC10.05%
CHX solution is compared with a 0.20%
CHX solution, the number of active
molecules is nearly identical (in the
0.05% CPC10.05% CHX solution there
are 1.470 mmoles of CPC and 0.558
mmoles CHX, thus a total of 2.028
mmoles of ‘‘active’’ molecules versus
2.232 mmoles in the 0.2% CHX solu-
tion). Taking into account that 15 ml of
CHX 0.05%1CPC 0.05% had to be
used (0.03043 mmoles of active mole-
cules) versus 10 ml of the CHX 0.2%
solution (0.02232 mmoles), it becomes
immediately more understandable why
the new formulation (with still 37.5%
CHX of the 0.20% CHX solution, see
Table 3) is so efficient, especially
because for both products a dose-
dependent antiplaque effect has been
shown (Gjermo et al. 1970, Jenkins et
al. 1994a, b).

In in vitro experiments, CPC 0.05%
and CHX 0.2% were essentially similar
in their antibacterial activity (Roberts &
Addy 1981), with even superior fungi-
cidal properties for CPC 0.05% (Giuli-
ana et al. 1997). In vivo however, CPC
alone was found to be considerably less
effective in reducing plaque (Gjermo
et al. 1970, Roberts & Addy 1981,
Moran et al. 1994, Renton-Harper et al.
1996, Moran et al. 2000). The latter
indicates that the intra-oral substantivity
of CPC, is less than for CHX as proved
by several other reports (Jenkins et al.
1994c, Elworthy et al. 1996, Young et
al. 2003). This is supported by the
observation that the antiplaque action
of CPC could be increased to that of
CHX by doubling the frequency of
rinsing (Bonesvoll & Gjermo 1978).
The incorporation of CPC in a supra-
gingival slow-release device did, how-
ever, not improve the efficacy of CPC
(Vandekerckhove et al. 1995). An
increase in dosage of CPC seems not
advisable because of the risk for severe
side effects (Jenkins et al. 1994a).
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Fig. 6. Subjective ratings (visual analogue ranging from 0 to 100 on anonymous
questionnaire) concerning: taste of the rinse, change in taste perception, staining of teeth
and tongue, and compliance (with 05 optimal taste, no change in taste, no staining, or no
compliance and 1005 unacceptable taste, dramatic change in taste perception, strong
staining and optimal compliance) over a 6-month follow-up period of daily plaque control in
combination with twice daily use of a mouth rinse (0.2% chlorhexidine1alcohol (CHX–Al)
versus 0.05% CHX10.05% cetyl pyridinium chloride (CPC) without alcohol versus placebo)
sorted per rinse (with 16 subjects per product) and per follow-up visit (1 week after
mechanical debridement, and after 1, 3 and 6 months).
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Fig. 7. Cumulative value of minimum concentration before detection of different tastes over
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months).

Table 3. Mean daily amount of mouth rinse CHX used during the entire study

Product Consumption/day in ml CHX consumption/day
mean mean

CHX 0.2%–Al 10 ml � 2 20 mg � 2
CHX 0.05%1CPC 0.05% 15 ml � 2 7.5 mg � 2
Placebo 15 ml � 2 0 mg

CHX, chlorhexidine; Al, alcohol; CPC, cetyl pyridinium chloride.
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Studies from the 1960s on the mode of
action of CHX also revealed that CHX
(as a bi-cationic) accumulates on oral
surfaces in aggregates, which are specu-
lated to provide a slow and long-lasting
release of the agent into the oral cavity
(Hugo & Longworth 1965). CPC, be-
cause of its mono-cationic nature, is
believed to lose its antibacterial activity
as they become rapidly desorbed from
the bacterial membrane or other oral
sites (Bonesvoll & Gjermo 1978, Moran
et al. 1988). The elimination of the
ethanol together with the reduction in
the concentration of CHX (from 0.20%
to 0.05%) had also some beneficial
effects on the side effects of CHX.
The new formulation had a significant
better taste. Also the degree of staining
(both scored by the periodontist and by
the patient) was slightly less with the
new formulation. The improved taste of
the new formulation is also not well
understood. One can only speculate that
the alcohol in the other formulations
increased the taste disturbing effect of
CHX, and/or was responsible itself for a
change in taste perception.

The absence of significant changes in
taste perception, when evaluated in a
standardized manner was somewhat
surprising. This contrasts with previous
observations for CHX mouth rinses
(Helms et al. 1995), as well as with
patients own subjective evaluation
(Quirynen et al. 2001). This discrepancy
probably indicates that patient’s global
perception differs from what one can
record with a taste recognition test.
Another confusing aspect might be the
fact that patients in this study also
started to clean their tongue, thereby
reducing the coating and thus should
have an increased perception for some
taste (Hyde et al. 1981, Winkler et al.
1999, Quirynen et al. 2003).

So far, only a few studies investi-
gated changes in detection frequency/
relative proportion of cariogenic species
during periodontal therapy. A first pilot
study (Quirynen et al. 1999b) followed
10 patients with severe periodontitis up
to 8 months after thorough scaling and
root planing in combination with opti-
mal plaque control, and reported a clear
increase in the number of S. mutans,
especially at month 8. In a cross-
sectional study form, van der Reijden
et al. (2001) subgingival plaque samples
from 154 consecutive adult periodontitis
patients were tested for the presence and
levels of mutans streptococci and puta-
tive periodontal pathogens. They

divided the patients into four groups
based on the stage of periodontal
treatment: untreated, after initial perio-
dontal therapy, maintenance phase with-
out periodontal surgery, and finally a
group of patients after periodontal
surgery. The prevalence of mutans
streptococci in the four study groups
varied from 82% in the untreated
patients, 88% in the group after initial
therapy, to 94% in maintenance groups.
The mean proportion of mutans strepto-
cocci was 6.7% in maintenance patients
versus 1.9% in untreated patients
(p5 0.005) and 2.5% in patients after
scaling and root planing (p5 0.04). This
paper (Table 2), together with the
preliminary data of another study from
our department again supports the idea
of a shift from a periopathogenic flora
towards a more cariogenic flora after
mechanical debridement. It is still
unclear how to understand this micro-
biological shift towards a more cario-
genic species. The following aspects
may play a role: subgingival overgrowth
by S. mutans occupying open spots that
became available after periodontal ther-
apy (e.g. increased number of free
adhesion/receptor sites), a down-growth
of S. mutans from the supragingival area
where it could easily adhere and/or
easily survive in the saliva, the creation
of a new ecosystem in the subgingival
area (anaerobisme, redox potential, pH,
nutrition, etc.) that allows/facilitates the
growth of S. mutans, or a reduced
immune reaction (after successful perio-
dontal therapy) to which S. mutans was
very susceptible. This shift can be
prevented via the use of an antiseptic
(either containing CHX or amine/stan-
nous fluoride) as adjunct to optimal
plaque control.

Conclusion

Within the limitations of the protocol,
this long-term study indicates that the
new CHX 0.05%1CPC 0.05% solution
has an antiplaque effect comparable
with that of a 0.2% CHX1alcohol
solution, but with less side effects. The
absence of alcohol offers some small
additional advantages. It is less irritating
for the soft tissues, which can be useful
for patients with mucositis (after radio-
therapy or chemotherapy) or with recur-
rent oral ulcerations. The new
formulation showed a better taste per-
ception and thereby might increase
compliance.
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