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Comparative efficacy of two daily use
movuthrinses: randomized clinical trial
using an experimental gingivitis model

Abstract: Two antimicrobial agents, a fixed combination of essential oils
(EOs) and 0.07% cetylpyridinium chloride (CPC) are found in commer-
cially available mouthrinses, Listerine® Antiseptic and Crest® Pro Health™,
respectively. Both mouthrinses have been shown to control dental plaque
and gingivitis in short and longer term studies. The aim of this study was
to determine the comparative effectiveness of these two mouthrinses using
a 2-week experimental gingivitis model. Qualified subjects were randomly
assigned to one of three mouthrinse groups: a fixed combination of EOs,
0.07% CPC, or negative control (C) rinse. Following baseline clinical as-
sessments and a dental prophylaxis, subjects began a two-week period in
which they rinsed twice daily with their assigned rinse and abstained from
any mechanical oral hygiene procedures or other oral care products. Sub-
jects were reassessed at the end of the two-week period. One hundred and
forty-seven subjects were randomized and 142 completed this study. After
two weeks use, the EOs rinse was superior (p <0.011) to the CPC rinse in
inhibiting the development of gingivitis, plaque, and bleeding, with 9.4%
and 6.6% reductions compared to CPC for gingivitis and plaque, respec-
tively. Both rinses were superior to the negative control rinse (p < 0.001).
This study demonstrates that the essential oil-containing mouthrinse has
superior antiplaque/antigingivitis effectiveness compared to the 0.07%
CPC-containing mouthrinse without mechanical oral hygiene influence.

Descriptors: oils; cetylpyridinium; mouthwashes; dental plaque;
gingivitis.

Introduction

Therapeutic antimicrobial mouthrinses have been shown to be valu-
able adjuncts to mechanical oral hygiene procedures for the control of su-
pragingival plaque and gingivitis.! A mouthrinse containing a fixed com-
bination of essential oils (Listerine® Antiseptic, Morris Plains, USA) has
been shown in a number of six-month clinical trials>* to have significant
antiplaque and antigingivitis efficacy. Efficacy has been acknowledged
through ADA acceptance’ and a Category I recommendation, i.e., safe
and effective, by a U.S. FDA advisory panel reviewing antiplaque prod-
ucts for the control of gingivitis."

The experimental gingivitis model' in which antiplaque/antigingivitis
agents are tested in the absence of mechanical oral hygiene procedures
has been used to demonstrate efficacy of the fixed combination of es-
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1214 and to demonstrate superiority to

sential oils
0.05% CPC rinses.” This experimental gingivitis
model is useful as a short-term model to determine
efficacy of mouthrinse formulations and has been
found to be consistent with six-month clinical tri-
als results. The objective of this randomized clinical
trial was to determine the comparative antiplaque/
antigingivitis effectiveness of an EOs and a 0.07%
CPC mouthrinse formulation (Crest® Pro Health™,
Procter & Gamble, Cincinnati, USA) using an ex-
perimental gingivitis model.

Methodology

This was a randomized, controlled, examiner-
blind, parallel-group clinical trial using the two-
week experimental gingivitis model (Figure 1). This
study was conducted in accordance with Interna-
tional Conference on Harmonization Good Clini-
cal practice guidelines.'® This international standard
for pharmaceutical clinical trials insures credible
and accurate data and results management. Subjects
aged 18 to 65, who met the following inclusion cri-
teria were included in the study:
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¢ a minimum of 20 sound, natural teeth;
® a mean Modified Gingival Index'” > 1.95, and
® a mean Plaque Index'® > 1.95.

Teeth that were grossly carious, fully crowned
or extensively restored, orthodontically banded,
abutments, or third molars were not included in the
tooth count. Exclusion criteria included:

® a history of significant adverse events with use of
oral hygiene products;

® significant oral soft tissue pathology, excluding
gingivitis;

® moderate to advanced periodontitis;

® any condition requiring antibiotic prophylaxis
prior to an invasive dental procedure;

e antibiotic, anti-inflammatory, or anticoagulant
drug therapy during the month prior to the base-
line examination;

e participation in a dental clinical trial within the
previous 30 days; and

¢ regular use of chemotherapeutic antiplaque/anti-
gingivitis products within the two weeks prior to
the baseline examination.

Enrollment

‘ Assessed for eligibility (n = 147) ‘

» | Excluded (n = 0)

‘ Randomized (n = 147) ‘

Allocation l

:

Allocated to intervention (n = 48)
* Received allocated
intervention (n =48)

Allocated to intervention (n = 49)
* Received allocated
intervention (n = 49)

Allocated to intervention (n = 50)
* Received allocated
intervention (n = 50)

Follow-Up

Lost to follow-up (n = 1)
Discontinued intervention
(personal reasons) (n=1)

Lost to follow-up (n = 1)
Discontinued intervention
(personal reasons) (n=1)

Lost to follow-up (n = 3)
Discontinued intervention
(personal reasons) (n=3)

‘ Analysed (n = 47)

Analysed (n = 48)

Analysed (n = 47)

Figure 1 - Study Flow Diagram. Left: control; center: EO; right: CPC.
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All subjects signed an informed consent form af-
ter the nature of the study was fully explained to
them. The protocol was reviewed by the Institution-
al BCRL Review Board, Mississauga, Canada.

Prescreened subjects presented to the clinical site
for baseline examinations having refrained from any
oral hygiene procedures for at least 8 but not more
than 18 hours. The baseline examinations consisted
of a complete intraoral examination, assessment of
gingivitis using the Modified Gingival Index!” fol-
lowed by sulcular bleeding,'® and Plaque Index us-
ing the Turesky modification of the Quigley-Hein
Plaque Index."”

Following the baseline examination, qualifying
subjects received a complete dental prophylaxis to
remove all stain, plaque, and calculus. They were
then randomly assigned to one of three groups:

® a group using the essential oil-containing mouth-
rinse (LISTERINE® Antiseptic, Johnson &

Johnson Consumer & Personal Products World-

wide, Division of Johnson & Johnson Consumer

Companies Inc., Morris Plains, USA);

¢ a 0.07% CPC-containing mouthrinse (Crest®
Pro-Health™ Procter & Gamble, Cincinnati,
USA); or

® a negative control group using a 5% hydroalco-
hol rinse.

Qualified subjects were assigned product sequen-
tially, in ascending numerical order, according to a
block randomization with a fixed block size of 6.
The randomization scheme was generated by a vali-
dated SAS-based randomization application devel-
oped by the sponsor. Neither the clinical examiner
nor the recorder had access to the treatment code.
Personnel dispensing study mouthrinses or supervis-
ing their use did not have access to the treatment
identification and were not involved in examination
of the subjects, in order to minimize potential bias.

All mouthrinses were used with the same dosing
regimen, i.e., subjects rinsed with 20 ml for 30 sec
twice daily. All the rinses were dispensed in over-
wrapped marketed bottles that were individually la-
beled with the number of the subject to whom that
bottle had been assigned according to the random-
ization scheme.
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Twice-daily rinsing was started immediately fol-
lowing the prophylaxis. The two daily rinses on
weekdays were supervised and separated by at least
four hours. Subjects were given an individually cod-
ed bottle of mouthrinse and plastic dosage cups for
unsupervised use on weekends and were provided
a diary in which to document unsupervised rinse
times. At the end of each weekend period, subjects
returned their mouthrinse bottles to the study site
and compliance was estimated by measuring the vol-
ume of mouthrinse remaining. During the study pe-
riod, subjects were instructed to discontinue all oral
hygiene procedures, other than use of their assigned
mouthrinse, and to follow their usual dietary habits.

Subjects used their assigned rinse for 14 days and
returned to the clinical site for an oral soft and hard
tissue examination and scoring of gingival, bleed-
ing and plaque indices, at least 4 hours after the last
use of the test products. All of the examinations and
scoring were performed by a single trained and cali-
brated examiner (N.S.) who did not know to which
group the subjects had been assigned and did not
have access to the case report forms until all the ex-
aminations had been completed.

The repeatability of the examiner for gingival
and plaque index scoring was determined prior to
the start of the study. The examiner participated in
an exercise in which subjects representing the entire
scale of the gingival and plaque indices were scored
and then rescored in random order after a period
of time to avoid the possible recall of scores. The
examiner’s repeatability of mean index scores was
assessed using the intraclass correlation coefficient.
The intraclass coefficients for the mean Modified
Gingival Index and mean Plaque Index were > 0.9.

Statistical methods

The primary outcome variables were gingivi-
tis, (Modified Gingival Index)"” and supragingival
plaque (Turesky modification of the Quigley-Hein
Plaque Index)." The secondary outcome variable
was gingival bleeding, (Gingival Bleeding Index)."
At baseline, the three treatment groups were com-
pared with respect to age, mean Modified Gingi-
val Index, mean Plaque Index, and mean Gingival
Bleeding Index by means of a one-way analysis of



variance model with treatment as a factor, with re-
spect to gender and smoking status by means of a
chi-square test, and with respect to race by means of
Fishers Exact test.

A sample size of 135 (45 per treatment group)
completed subjects was calculated to provide power
of 0.90 for detecting a difference of 10% and 5% be-
tween treatment groups in mean plaque and gingival
index scores, respectively. For each of the outcome
variables, between-group differences after two weeks
of treatment were tested by means of a one-way
analysis of covariance model with treatment as a fac-
tor and the corresponding baseline value as a covari-
ate. Comparisons were made between the essential
oil and negative control rinse, between the CPC and
negative control rinse, and between the EO and CPC
mouthrinses. All tests were performed at the 0.05
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level and two-sided. The essential oil-containing
mouthrinse was to be considered better than Crest
Pro-Health™ if the essential oil-containing mouth-
rinse was statistically significantly better than both
the 5% hydroalcohol control and Crest Pro-Health™
mouthrinses. Each comparison was performed at the
0.05 level of significance, two-sided.

Results

One hundred forty-seven subjects were random-
ized into the study to compensate for drop outs, so
that 135 subjects could be expected to complete the
study. One hundred forty-two subjects completed
the study and constituted the intent-to-treat subject
population. The baseline demographic characteris-
tics and gingival, plaque, and bleeding indices are
shown in Table 1. There were no statistically sig-

Table 1 - Baseline demographics

and clinical means.* Variable Negative Control (N = 47) EO (N = 48) CPC (N = 47)
Age (years)
* Mean (SD) 38.7 (10.38) 38.6 (9.30) 39.8 (9.23)
* Median 40 40 39
* Range 18-64 18-57 18-60
Gender (%)
* Male 11 (23.4) 12 (25.0) 10 (21.3)
* Female 36 (76.6) 36 (75.0) 37 (78.7)
Race (%)
* White 35 (74.5) 28 (58.3) 34 (72.3)
* Black 3 (6.4) 7 (14.6) 4 (8.5)
* Hispanic 2 (4.3) 1T 2.0) 0
* Asian/P! 5(10.6) 7 (14.6) 5(10.6)
o AIJAN** 0 1) 0
* Other 2 (4.3) 4 (823) 4 (8.5)
Smoker (%)
* Yes 11 (23.4) 10 (20.8) 11 (23.4)
* No 36 (76.6) 38 (79.2) 36 (76.6)
Gingival Index
* Mean (SD) | 2.08 (0.057) | 209(0060) | 2.07 (0.048)
Plaque Index
* Mean (SD) | 2.96 (0.246) | 291(0222) | 2.96(0.251)
* Bleeding Index
* Mean (SD) \ 0.17 (0.058) | 0.19(0.074) | 0.7 (0.068)

*For all subjects who had two-week efficacy data; **American Indian/Alaskan Native.
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Table 2 - Modified Gingival Index T
Scores, Baseline and Two Weeks. Group Baseline* 2-weeks™ bReductionvs. | g p 1 che
’ Negative Control
Negative Control
(n = 47) 2.08 (0.057) | 2.09 (0.015)
EOs
ta
n = 48) 2.09 (0.060) | 1.74 (0.015) 16.8 9.4
CPC
4
(n=47) 2.07 (0.048) 1.92 (0.015) 8.3

*Mean (S.D.); **Adjusted mean (S.E.); tSignificantly different from negative control, p < 0.001; “Significantly

different from CPC, p < 0.001.

Table 3 - Plague Index Scores, % Reduciiem ve,
Baseline and Two Weeks. Group Baseline™ 2-weeks™ Negative Control 7 Reduction vs. CPC
Negf’nﬂvj f;’)””c" 2.96 (0.246) | 3.28 (0.044)
" E:OZS) 2.91(0222) | 2.24 (0.043)" 316 6.6
(nC:P%) 2.96 (0.251) | 2.40 (0.044) 26.7

*Mean (S.D.); **Adjusted mean (S.E.); fSignificantly different from negative control, p < 0.001; “Significantly

different from CPC, p = 0.011.

nificant differences among the three groups with re-
spect to gender, race, smoking status, or mean gingi-
val, plaque, or bleeding indices. The majority of the
subjects were female (76.8%), white (68.3%) and
non-smokers (77.5%). The mean age was 39 years
(18-64 range) with no statistically significant differ-
ences among the three groups.

Primary outcome variables

The mean values at baseline and two-weeks for
the Modified Gingival Index and Plaque Index are
presented in Tables 2 and 3, respectively. The com-
parison of interest, that between the EOs and CPC
mouthrinse, demonstrated superiority for the EOs
rinse for both gingivitis and plaque, with 9.4% and
6.6% reductions versus CPC, respectively. Com-
pared to the negative control at two-weeks, the es-
sential oils (EOs) mouthrinse group had 16.8%
and 31.6% reductions, respectively, in Modified
Gingival Index and Plaque Index (p < 0.001); while
the CPC mouthrinse had reductions of 8.3% and
26.7%, respectively. All treatment differences were
statistically significant.
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Table 4 - Bleeding Index Scores, Basel

ine and Two Weeks.

Group Baseline* 2-weeks™
Neg‘(”;”j f;’)“”o' 0.17(0.058) | 0.21 (0.006)

o E:OZS) 0.19(0.074) | 0.05 (0.006)"

(nC=P§7) 0.17 (0.068) | 0.07 (0.006)

*Mean (S.D.); **Adjusted mean (S.E.); f Significantly different from negative

control, p < 0.001; “Significantly different from

Secondary outcome variable

CPC, p = 0.003.

The mean values at baseline and two-weeks for

the Bleeding Index are presented in Table 4. At two

weeks, EOs mouthrinse was superior to the CPC

mouthrinse and both produced statistically signifi-

cant differences (p = 0.003) compared to the nega-

tive control.

Safety evaluations

No mucosal lesions developed during the course

of the study. There were no product-related adverse

events.



Compliance with treatment regimen

All completed subjects complied with the super-
vised rinse schedule. Subject diaries and residual
mouthrinse quantities at the completion of the two
week period indicated compliance with weekend
rinsing schedule as well.

Discussion

Previously this EOs mouthrinse has been shown
to have antiplaque and antigingivitis efficacy superi-
or to that of 0.05% CPC rinses in this same model"
as well as in longer-term studies incorporating me-
chanical oral hygiene.?*?! This study was conducted
to determine the comparative efficacy to a higher
level (0.07%) CPC rinse. This model has demon-
strated the clinical superiority of the EOs mouth-
rinse in reducing supragingival plaque and gingivi-
tis, compared to that of the 0.07% CPC rinse in the
absence of mechanical oral hygiene. In a 3-month
randomized clinical trial, EOs + floss + manual
brush and paste was shown to be superior to 0.07%
CPC + floss + manual brush and paste.?? In 6-month
trials,?*2* this 0.07% CPC rinse has shown efficacy,
however, only the EOs rinse has met the clinical cri-
teria, in 6-month randomized clinical trials, to qual-
ify for ADA acceptance for products indicated for
plaque and gingivitis.?*

This fixed combination EOs mouthrinse contain-
ing 0.064% thymol, 0.092% eucalyptol, 0.060%
methyl salicylate, and 0.042% menthol has been
previously shown to be an effective antiplaque/an-
tigingivitis product in numerous six-month clinical
trials.>®202! The experimental gingivitis model used
for this study, in which subjects abstain from all me-
chanical oral hygiene procedures for the two-week
study period,"" provides a rigorous test for anti-
plaque/antigingivitis products and enables a determi-
nation to be made of relative chemotherapeutic ef-
fectiveness against the dental plaque biofilm iz situ.

There are several commercially available mouth-
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