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The effect of 0.12%
chlorhexidine dentifrice gel on
plaque accumulation: a 3-day
non-brushing model

Abstract: Background: Maintaining an adequate low level of
plague through daily tooth brushing is often not feasible.
Effective chemotherapeutic agents as an adjunct to
mechanical plaque control would therefore be valuable.
Chlorhexidine (CHX) mouthwash has proved to be an
effective inhibitor of plaque accumulation. Aim: The purpose
of the present study was to assess the effect of application of
0.12% CHX dentifrice gel on de novo plaque

accumulation. Material and methods: The study was
designed as a single blind, randomized three-arm parallel
clinical trial. At the beginning of the test period all volunteers
received a thorough professional oral prophylaxis. Subjects
were randomly assigned to one of three regimens. During a
3-day non-brushing period, subjects abstained from all forms
of mechanical oral hygiene. One regimen (test group) used
0.12% chlorhexidine dentifrice gel (CHX-DGel, Perio-Aid®)
applied in a fluoride gel tray, the benchmark control group
used a regular dentifrice applied in a fluoride gel tray (RegD,
Everclean® HEMA). The positive control group rinsed with a
0.12% chlorhexidine mouthwash (CHX-MW, Perio-Aid®). The
Quigley and Hein plaque index (PI) from all subjects was
assessed after 3 days of de novo plagque accumulation.
Subsequently, all subjects received a questionnaire to
evaluate their attitude, appreciation and perception towards
the products used employing a Visual Analogue Scale
scores. After the experimental period, habitual oral hygiene
procedures were resumed. Results: Ninety-six systemically
healthy subjects completed the study. After 3 days, the full-
mouth PI for the CHX-DGel regimen was 1.87 compared with
1.93 for the RegD regimen and 1.55 for the CHX-MW
regimen. The two dentifrices (CHX-DGel and RegD) were
significantly less effective as the CHX-MW (P = 0.0006). No
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significant difference between scores of the dentifrices was
found. Conclusion: Within the limitations of the present 3-day
non-brushing study design, it can be concluded that
application of 0.12% CHX dentifrice gel is not significantly

different from application of regular dentifrice on plaque

accumulation. Use of a 0.12% CHX mouthwash is

significantly more effective. CHX-DGel appears a poor

alternative for a dentifrice. It is not an effective inhibitor of

plaque growth and does not possess fluoride.

Key words: chorhexidine; clinical trial; dentifrice; dentifrice
gel; mouthwash, oral hygiene; plaque

Introduction

The most common method to prevent caries and periodontal
diseases is mechanical supragingival plaque control by tooth-
brush, and interdental aids, such as dental floss, toothpicks and
interdental brushes. For most people, however, total plaque
removal seems not a realistic goal. Most people remove less
than half of the plaque with brushing once a day, leaving
approximately 60% after brushing responsible for rapid re-
growth (1). Therefore, an adjunct to mechanical plaque control
would be valuable. Several products for chemical plaque inhi-
bition are available on the market. The bisbiguanide com-
pounds, which include chlorhexidine (CHX) gluconate and
alexidine, are the most effective agents currently in use (2).
CHX is a cationic chlorophenyl biguanide with outstanding
bacteriostatic properties. The drug was synthesized and first
reported by ICI in 1954 following extensive investigations of
its biological properties of polydiguanide compounds (3). CHX
was initially used in dentistry for presurgical oral disinfection
and endodontics (4). The application of CHX as an anti-plaque
and calculus agent was suggested by Schroeder and Hirzel (5).
CHX has been proved as an effective plaque inhibitor when
used as an adjunct to mechanical cleaning procedures as well
as when used alone (6).

Chlorhexidine can be applied in a number of ways: as a
mouthwash (7-11), as a gel (12-18) and as a spray (13, 14, 19—
24). Its efficacy has been extensively investigated. CHX is
most commonly used in a mouthwash form.

In the Netherlands, CHX gel has traditionally been available
in a 1% concentration (Corsodyl®-gel, Glaxo Smith Kline,
Zeist, the Netherlands). More recently, a dentifrice gel con-

taining a 0.12% concentration CHX was brought on the market
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(Perio-aid®, Dent-Aid, Houten, the Netherlands). The 1%
CHX gel was meant for temporary use with a maximum of
15 days, while the 0.12% concentration dentifrice gel has been
advocated for long-term twice daily brushing use. So far, no
efficacy data on the latter product are available.

The purpose of the present study was to evaluate, when
compared with a regular dentifrice, whether 0.12% CHX denti-
frice gel is effective in preventing e novo plaque formation in
a 3-day non-brushing model. As a positive control, the effect
of rinsing with 0.12% CHX mouthwash was assessed. In addi-
tion, the individual attitude towards the used products was

evaluated.

Materials and methods
Ethical aspects/approval

"This study protocol was approved by the Medical Ethics Com-
mittee of the Academic Medical Centre (AMC) of Amsterdam
under registration number 05/189. The study has also been
registered by the Dutch Trial Register, international standard
randomized controlled trial ISRC'T" 57974544. Participation as

a subject in this study was voluntary.

Subjects

A total of 127 subjects were recruited from a database of the
Department of Periodontology Academic Centre for Dentistry
Amsterdam (ACTA) and from students of Inholland University
responding to an email advertisement. Before enrolment, all
subjects were given oral and written instructions and informa-

tion about the products and purpose, aim, reason, duration



demand of benefits and possible harm of study participation.
All subjects willing to take part signed an informed consent
prior to the study procedures.

Inclusion criteria were 218 years of age, systemically healthy
and a dentition with at least 20 teeth (minimum of five evalua-
ble teeth per quadrant). Exclusion criteria were open caries,
pockets =5 mm, orthodontic appliances or removable (partial)
dentures, history of allergic reaction to erythrosine and/or
CHX, use of antibiotics in the last 3 months or medication that
might interfere with the conduct of the study or possibly influ-

encing normal gingival health.

Design and (clinical) procedures

The study was designed as a single-blind, randomized three-
arm parallel clinical trial. At baseline, teeth of all subjects were
stained for plaque with an erythrosine disclosing solution
applied with a cotton swab subsequently received a profes-
sional oral prophylaxis for a maximum of 30 min performed by
experienced dental hygienists. T'eeth were scaled and polished
with the purpose of making them 100% free of plaque, stain
and calculus. An ultrasonic scaler (Sonosoft® KaVo Nederland
BV Vianen, the Netherlands) and hand instruments (H6/7,
SD204, 1/2, 12/13 11/14 American Eagle® American Eagle
Instruments Inc., Missoula, M'T’, USA, and/or Hu-friedy® Hu-
Friedy Inc., Leimen, Germany) followed by rotating polishing
cups, points and brushes (Hawe-Prophy® #1802, #1805 and
#0220), Hawe-Neos Dental Dr H.v.Weissenfluh AG, Bioggio,
Switzerland) with polishing paste (cleanpolish® #360, Hawe-
Neos Dental Dr H.v.Weissenfluh AG, Bioggio, Switzerland)
were used.

After debridement, teeth were stained for a second time.
Performed to make sure all plaque had been removed. Subse-
quently, unwaxed floss (Johnson & Johnson, distributor, GABA
B.V., Almere, the Netherlands) was used for a professional
interdental cleaning. Distal of the last molars bandage tape
(Cotton Tamponning Bandage 1 cm X 5 m sterile Hartmann®,
Heidenheim, Germany) was used to make sure that all rem-
nants were removed.

Every subject received a unique trial number and was ran-
domly assigned to one of the three regimens (Table 1) consist-
ing of 0.12% CHX dentifrice gel, regular dentifrice and 0.12%
CHX mouthwash. No brushing was allowed in any of the three
regimens.

Randomization was performed using true random numbers
obtained via http://www.random.org. 'T'he primary investigator
and study coordinator (DES) was responsible for the alloca-

tion concealment, subjects were instructed not to reveal their
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Table 1. Following regimens groups who were designed

Regimen CHX-DGel 0.12% Chlorhexidine dentifrice gel* twice
a day application in fluoride application
tray" for 2 min

No brushing was allowed

Regular dentifrice* twice a day application
in fluoride application tray' for 2 min

No brushing was allowed

0.12% Chlorhexidine mouthwash* twice
a day mouthwash rinsing with 15 ml
for 1 min

No brushing was allowed

Regimen RegD

Regimen CHX-MW

*Perio-Aid®, Dentaid, Houten, the Netherlands

"Fluoride application tray large 10EL630 Elmex®, Johnson & John-
son distributor, GABA BV, Almere, the Netherlands.

*Everclean®, HEMA, Amsterdam, the Netherlands.

group assignment in any way to the clinical examiner
(NAMR).

Each subject received a demonstration and verbal instruc-
tion from the study coordinator (DES) immediately following
the professional dental prophylaxis. In addition, a written
instruction form was provided explaining the use of the inter-
vention products. The subjects were given a stopwatch with
alarm to keep track of the assigned rinsing or application time.
Drinking, eating or rinsing was not allowed for 30 min after
the experimental procedures. During a 3-day experimental
non-brushing period, subjects abstained from all other forms of
mechanical oral hygiene. To check for compliance, subjects
were asked to register the time of use of intervention products
onto a calendar record chart.

At the second visit (3 days later), all plaque on the teeth
was disclosed using cotton swabs with an 1% erythrosine dis-
closing solution from the same batch of disclosing solution for
all subjects. All measurements were carried out under the
same conditions and were preformed by the same experienced
examiner (NAMR) who was blinded to the regimen. This
examiner had been trained and calibrated in the plaque scor-
ing system and had applied it in other studies (11, 25). Plaque
was recorded at six sites per tooth on a five-point scale using
the Quigley and Hein’s (26) plaque index (PI) as modified by
Turesky ¢z al. (27) and further modified by Lobene ez a/l. (28).
Each subsequent full-mouth plaque assessment lasted approxi-
mately 10 min. After the experimental period, habitual oral
hygiene procedures were resumed.

Finally, all subjects received a questionnaire to evaluate
their attitude towards the used product. They were questioned
about their opinion of appreciation of taste, alteration of taste,
comfort of use, duration of taste and perception of plaque con-
trol. Subjects marked a point on a 10-cm-long uncalibrated line

with the negative extreme response (0) on the left and the
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positive extreme (10) at the right end (Visual Analogue Scale,
VAS).

Statistical analyses

The Quigley and Hein index as assessed after 3 days of
de novo plaque accumulation was used as the primary outcome
variable. Full-mouth mean PI scores were calculated for each
individual. Data considering the VAS scores from the question-
naire to evaluate the subjects’ attitude, appreciation and per-
ception towards the used products were secondary outcomes.
All analyses comparing differences (PI, VAS scores) between
the three regimens were performed using non-parametric tests
(Kruskal-Wallis H-tests) with post-testing corrected for mul-
tiple comparisons. All data are presented as mean = SD per
regimen. For the difference in PI scores between regimens

95% confidence intervals were calculated. Values of P < 0.05

Sample size

The American Dental Association (ADA) (29) states in its
Acceptance Program Guidelines Toothbrushes (1998) that
under unsupervised conditions, a 15% statistically significant
reduction in plaque is needed to provide evidence of greater
effectiveness in cleaning teeth. Sample size calculations with
PS Power and Sample Size Program® showed that given a
lower limit for superiority of 15%, a mean PI of 2.7, an SD
of 0.3, a difference of 0.4. and an o = 0.05 to obtain 80%
power, 21 subjects would be sufficient for this study (seven
subjects in each group). The ADA also requires that ade-
quate evidence must be provided by entering at least 30
subjects for each into the study at baseline. At least 25 sub-
jects for each product should be available for examination at
the end of the study. Considering possible loss to follow-up

for the present study 35 extra subjects were included per

were considered as statistically significant. regimen.
’ Assessed for eligibility (n=128) ‘
Excluded (n= 23)
i Not meeting
inclusion criteria
¢ Refused to
participate

Allocation

Regimen CHX-DGel

Allocated to
intervention (n= 35)

Received allocated
intervention (n= 35)

Regimen RegD

Allocated to
intervention (n= 36)

Received allocated
intervention (n= 36)

Regimen CHX-MW

Allocated to
intervention (n=34)

Received allocated
intervention (n= 34)

Lost to follow-up (n=1)

Lost to follow-up (n=5)

Lost to follow-up (n= 1)

Analysed (n=34)
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Analysed (n=29)

Excluded from
analysis (n=2)

Analysed (n= 33)

Fig 1. Flow chart subject enrolment.



Results

Figure 1 shows a flow chart of the participants that were
enrolled for this study. A total of 127 systemically healthy
recruited subjects (=218 years of age) were screened; 22 were
excluded for open caries or pockets =25 mm. Of the 105 sub-
jects, who were enrolled into the study, 98 completed the pro-
tocol. Seven subjects (one in the CHX-Dgel group, five in the
RegD group and one in the CHX-MW group) were lost to fol-
low-up because they did not attend the second appointment.
Being absent was unrelated to the study products. In the end,
96 completed the study protocol without any protocol vio-
lation. T'wo male volunteers, both from the RegD group were
excluded from the analysis because each had one protocol vio-
lation. One had brushed once and the other had forgotten to
use his product once. Subjects’ demographics of those inclu-
ded in the analysis are presented in Table 2. Groups were
comparable in age. However, due to chance, the randomization
procedure resulted in an unequal distribution of the sexes over
the groups. There were significantly fewer women in the
RegD group.

Table 3 provides the results for the primary endpoints, the
mean PI scores for each regimen after 3 days of plaque accu-
mulation. Mean whole mouth PI for the CHX-DGel was 1.87
compared with 1.93 for the RegD regimen and 1.55 for the
CHX-MW

between the three regimens was found (P = 0.0006). Post-test-

regimen. A statistically significant difference

ing between the regimens revealed that PI scores when using

Table 2. Subjects’ demographics presented by regimen

CHX-DGel RegD CHX-MW P-value

n 34 29 33
Q (female) 25 16 28 0.033f
3 (male) 9 13 5 0.033"
Mean age 219 (450, 235(4.15, 215(3.20,  0.440"

in years 18-39 year) 18-39 year) 18-32 year)

(SD, range)
Chi? test.

Table 3. Mean overall plaque index (Pl) scores (standard
deviation in parentheses) for each regimen after 3 days of
plaque accumulated and minimum and maximum scores

CHX-DGel  RegD CHX-MW P-value
Mean overall Pl 1.87 (0.37) 1.93 (0.46) 1.55(0.37) 0.0006*
Minimum 1.07 0.77 0.74
Maximum 2.86 2.73 2.24

*Kruskal-Wallis H-test with post-testing corrected for multiple com-
parison.
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Table 4. Results from the statistical analysis Kruskal-Wallis
H-test with post-testing corrected for multiple comparisons and
95% confidence intervals for differences for mean plaque
scores between the regimens

Kruskal-Wallis H-test ~ Confidence interval

CHX-DGel — RegD NS -0.27 10 0.15
CHX-DGel — CHX-MW  <0.05 0.13t0 0.50
RegD — CHX-MW <0.05 -0.59 to -0.17

dentifrices (CHX-DGel and RegD) were significantly higher
when compared with using CHX-MW (P < 0.05). No statisti-
cally significant difference between PI scores of the two denti-
frices (CHX-DGel and RegD) was found (Table 4).

T'able 5 shows the complete question and the two extremes
of the answering possibilities. Table 6 shows the results of the
questionnaire. A statistically significant difference between the
three groups was found with respect to perception of taste,
alteration of taste, comfort of use and duration of taste. No sta-
tistically significant differences were found by the application/
rinsing time and subjects’ perception of plaque control.

Post-testing showed a significant difference between the
perception of taste, alteration of taste and use of comfort for
the CHX-MW when compared with the two dentifrices (CHX-
DGel and RegD). For the duration of the taste of the study
products, it appeared that taste of the CHX-DGel product
remained shorter when compared with CHX-MW and RegD.

Discussion

This study aimed at evaluating whether CHX-DGel had a
potential to inhibit @ novo plaque formation. It used a 3-day
non-brushing model which allows for plaque accumulation.
This design has been used previously to assess the effect of
various mouthwashes (30-36). Zee e a/. (35) and Simonsson (36)
also used this 3-day model to discern between 'rapid’ and ’slow’
plaque formers.

The application of the dentifrice in trays was based on a
suggestion by Saxton and van der Ouderaa (37) to apply undi-
luted dentifrice directly to the test teeth. The method of
applying undiluted dentifrice via a tooth shield was reported
in an earlier 4-day plaque study by Saxton e7 @/. (38), which
was a modification of a full-mouth technique used by Gjermo
and Rglla (39) and Strilfors (40). This technique eliminates
the variability introduced by the mechanical action of tooth
brushing, thus permitting the assessment of chemotherapeutic
activity only. Putt ez @/. (41) confirmed that this was an effect-
ive short-term model to investigate the chemotherapeutic

effects of CHX dentifrice on plaque.
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Table 5. Complete questions from VAS score (from 0 to 10)

With extremes

Paraphrase Complete question From To

Taste perception How was the taste of the product? Very bad Very good
Alteration of taste How was your taste of food and drinks affected? Negative change Positive change
Use comfort What is your opinion about the ease in use of the product? Not easy Very easy
Duration of taste How long did the taste remain? Very short Very long
Plague control What is your perception of plaque control during this 3 days? Insufficient Very efficient

Table 6. Visual Analogue Scale scores

Question CHX-DGel RegD CHX-MW Pvalue  questionnaire response (0.0-10.0) of the
Taste perception 6.68 (1.86)" 6.95 (1.17)* 5.18 (2.21) 0.0008 mfa" drezp:"s.e:P the q”es"t‘r"""a"e
Alteration of taste 4.79 (0.99)" 4.73 (0.91)" 3.74 (1.52) 0.0052 (standard deviation in parentheses)

Use comfort 5.67 (2.27)" 5.38 (2.69)" 7.62 (2.13) 00003 Presented by regimen

Duration of taste 4.41 (2.21) 6.01 (1.95)" 6.38 (2.02)* 0.0014

Plague control 4.69 (2.37) 4.67 (2.77) 5.77 (2.55) NS

*Significant differences when compared with CHX-MW
**Significant differences when compared with CHX-DGel.

The CHX-DGel was positioned against a RegD as bench-
mark control. This was a commercially available fluoride denti-
frice not claiming anti-plaque efficacy. As positive control, a
CHX-MW was used which at present is considered the stand-
ard and most effective anti-plaque agent (42). A positive con-
trol compares and positions the efficacy of CHX-DGel and
RegD and is frequently used in early no oral hygiene study
protocols (43).

The results from the present study show that 0.12% CHX-
DGel is not significantly different from using RegD. Both den-
tifrices were less effective than the CHX-MW with respect to
the plaque inhibition. Considering the small differences
between 0.12% CHX-DGel and RegD, one could suggest that
the present study suffers from inadequate power. If the
observed difference between the 0.12% CHX-DGel and RegD
regimen would have been powered with at least 80% and an
o = 0.05, a sample size of approximately 275 subjects per regi-
men would have been necessary. Clearly, one could then dis-
cuss the clinical relevance of this study design. In this
perspective, using the model as chosen with inclusion of both
a benchmark RegD as well as positive control (CHX-MW) was
an elegant and powerful (power >99%) way to position the
CHX-DGel regimen with only approximately 10% of such a
large sample size.

The fact that application of a dentifrice use does not con-
tribute to plaque growth inhibition does not necessarily mean
an abolishment of its use. Dentifrices are also most effective
fluoride carriers and their contribution to caries prevention is
well established (44). The CHXDGel, however, neither has an

effect on plaque growth nor does contain fluoride.
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The CHX-DGel has a manufacturer’s instruction for use,
that states brushing twice daily allows long-term usage in anal-
ogy to a regular dentifrice. This might explain the absence of
an anti-plaque effect because CHX can be inactivated by fla-
vour and detergent in dentifrice formulations (45-47). One of
the most widely used synthetic detergents in dentifrice is
sodium lauryl sulphate (SLS). Unfortunately, CHX and SLS
may counteract. Previous studies (46, 48) have shown that
CHX and SLS are not compatible even when they are intro-
duced separately in the oral cavity. Earlier Barkvoll ez a/. (49)
showed that CHX and sodium monofluorophosphate are also
not compatible in clinically relevant concentrations.

An other explanation for the absence of an anti-plaque
effect could be the amount of CHX digluconate per applica-
tion. Both CHX-DGel and CHX-MW in this present study
contained 0.12% CHX. Each CHX-MW application with 15 ml
had delivered 18 mg of CHX digluconate. With a specific grav-
ity of 1.080 g ml™' for CHX digluconate, each CHX-DGel
application with a fluoride tray of approximately 10 g had
12 mg of CHX digluconaat available. Based on studies by
Cumming and Loé& (50) and Lang and Ramseier-Grossmann
(51), this amount of CHX should be sufficient to results in pla-
que growth inhibition. However, diffusion of CHX from the
dentifrice formulation might have been prevented, by denti-
frice components or may have been decreased (52).

In this respect, the manufacturers should be careful when
reformulating the CHX-DGel. Children usually apply = 0.25 g
of dentifrice (53) on their brush, while adults 0.5 g for electric
and 0.9 g for manual tooth brushing (54). So using CHX-DGel
on a toothbrush would result in 0.6-1.1 mg of CHX digluco-



nate application. This is not enough to have a sufficient anti-
plaque effect (50, 51). To have sufficient amounts of CHX
available, the concentration should be raised to a level of 2.0%
to have an applicated dose comparable with the 0.12% CHX-
MW.

A suggestion for further research would be to raise the CHX
concentration in the CHX dentifrice gel to at least 1% level
similar to a competitive product already available on the mar-
ket. However, before another clinical research trail is started,
with the involvement of a large group volunteers, it is obliga-
tory to test the efficacy of the new formulation(s) in a laborat-

ory setting first.

Summary and conclusion

Within the limitations of the present 3-day non-brushing study
design, it can be concluded that the effect of application of
0.12% CHX dentifrice gel is not significantly different from
that of regular dentifrice on plaque accumulation. Using 0.12%
CHX mouthwash is significantly more effective. CHX-DGel
appears a poor alternative for a dentifrice. It is not an effective

inhibitor of plaque growth and does not possess fluoride.
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