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Short-term Effects of a Combination
Product Night-time Therapeutic

Regimen on Breath Malodor

Aim:  To evaluate the malodor reduction benefits of a therapeutic night-time oral hygiene regimen that combined 
antibacterial toothpaste and mouthrinse with an oscillating-rotating rechargeable power toothbrush.

Methods and Materials:  An independent clinical trial was conducted using a randomized, negative-controlled, 
single blind, two treatment, 4-period crossover design. After completing a 1-week acclimation period, subjects 
were randomly assigned to a treatment sequence consisting of the following two regimens: (1) a night-time 
regimen of Crest® Pro-Health® Night dentifrice, Crest® Pro-Health® Night rinse, and Oral-B® Vitality™ Precision 
Clean™ power toothbrush and (2) a control regimen of Crest® Cavity Protection dentifrice and an ADA manual 
toothbrush. Each treatment period started with an overnight baseline volatile sulfur compounds (VSCs) 
Halimeter® measurement, followed by twice daily use of the assigned regimen. Post-treatment overnight malodor 
was assessed at 24 hours. There were 2-day washout periods between treatments. All procedures were 
repeated with the next assigned regimen, through four crossover periods.

Results:  Twenty-five subjects completed the study. Twice daily use of the therapeutic night-time regimen 
resulted in a significant (p>0.001) 35% reduction of mean VSC levels in the overnight breath compared to the 
control regimen.
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Introduction
Throughout history, maintaining socially 
acceptable breath aroma has been desirable. 
Fair or not, detecting objectionable breath in an 
individual may cause others to ascribe negative 
perceptions regarding hygiene level and even 
personal value.1 With today’s high expectations 
for cosmetic appearance and cleanliness, it’s 
not surprising that perceived bad breath can 
potentially lead to impaired self worth and social 
isolation if untreated.2

The etiology of breath 
odor is multi-factorial, 
infrequently stemming from 
naso-pharyngeal infection, 
systemic conditions, or 
medication-induced sources.3 
Myriad research, however, 
has demonstrated the 
principal causal factors 
emanate locally from 

within the oral cavity and account for up to 
90% of all malodor cases.4,5 Breath odor occurs 
predominately with the exhalation of volatile sulfur 
compounds (VSCs) like methyl mercaptan and 
hydrogen sulfide, generated from gram-negative 
anaerobic bacteria associated with gingivitis and 
periodontal disease.3 The most common oral 
reservoir of these bacteria is the posterior region 
of the tongue, where its morphology predisposes 
it to bacterial putrefaction.3,6 Research has also 
linked oral malodor to periodontal disease.7 
Transient, non-pathogenic breath odor can be 
generated by eating odorous foods or after 
sleeping when saliva production is reduced 

(“morning breath”). At night, low salivary flow 
creates a favorable environment for bacterial 
proliferation and plaque accumulation on the 
dorsum of the tongue and the surface of the teeth 
resulting in higher 
levels of VSC in the 
morning.

Morning breath is 
reported to be a 
common “breath” 
complaint and can 
be improved by oral 
hygiene means.7,8 
Estimates also show 
perhaps one-quarter 
of all adults suffer 
from halitosis,7 and if aware of the problem,9 are 
often motivated to improve their oral hygiene 
and seek out effective treatments. In response, 
a thriving industry marketing breath improvement 
aids has developed. Some products are strictly 
breath fresheners (e.g., gum, mints, sprays) and 
provide a temporary ‘masking’ effect but don’t 
address the underlying cause.10 On the other end 
of the spectrum are chemical agents such as 
antibacterial toothpastes and mouthrinses and 
mechanical tools like toothbrushes and tongue 
cleaners. Specifically formulated to combat the 
bacterial sources promoting breath odor, some 
have published clinical research supporting 
efficacy. Few have been evaluated in combination 
with another product or regimen, however, when 
in reality this may be how patients – seeking the 
greatest benefit – likely use them.

Conclusion:  One-day use of a night-time regimen consisting of a therapeutic paste, rinse, and an oscillating-
rotating rechargeable power toothbrush provided a 35% reduction in overnight breath malodor compared to 
regular brushing.
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in a single regimen is an efficient means of maximizing breath odor reductions.
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that combined an antibacterial toothpaste, an 
antibacterial mouthrinse, and an oscillating-
rotating power toothbrush designed for enhanced 
plaque control.

Methods and Materials
An independent clinical study examined the 
overnight breath odor benefits of a night-time 
oral hygiene regimen combining an antimicrobial 
dentifrice and rinse with an oscillating-rotating 
rechargeable power toothbrush. The trial was 
conducted using a randomized, negative-
controlled, single-blind, two-treatment crossover 
design of four treatment periods approximately 24 
hours each.

Study Population
Study participants were selected from an existing 
malodor panel. The malodor panel consisted of 
subjects who had previously shown reproducible 
levels of VSC in their overnight breath as 
measured by a Halimeter. A total of 28 generally 
healthy adults were enrolled after providing 
informed consent. Qualified participants met the 
following entrance criteria:

• Were at least 18 years of age;
• Had at least 20 natural teeth;
• Agreed to avoid elective dentistry and 

prophylaxis during the trial;
• Agreed not to use any non-study oral care 

products for the duration of the study.

Subjects were excluded from the study if they 
used an antibiotic medication or a prescription 
mouthrinse within two weeks of the study baseline 
measurement.

Study Design
Subjects first participated in a one-week 
unsupervised acclimation period, wherein they 
set aside their normal oral hygiene routine and 
brushed for two minutes twice daily with 0.243% 
sodium fluoride Crest® Cavity Protection dentifrice 
(Procter & Gamble, Cincinnati, OH, USA) and an 
ADA reference manual soft toothbrush. Subjects 
were instructed to abstain from tongue brushing 
and flossing for the entire duration of the study. 
Subjects were reminded to use their acclimation 
products prior to 11:00 pm on the evening 
preceding their baseline visit.

Various methods have been used to diagnose oral 
malodor and estimate its degree.3,11-14 Approaches 
include breath assessments by qualified judges 
(organoleptic intensity and hedonic scales), 
analyzing for presence and concentration of certain 
components of oral malodor (gas chromatography, 
halimetry, and sensor arrays), and detecting 
bacteria associated with oral malodor and their 
metabolites (BANA test, ammonia monitoring, and 
β-galactosidase test). Each method has its own 
advantages and disadvantages. For instance, 
while organoleptic measurements are generally 
considered as a standard for oral malodor 
assessment some criticize its subjectiveness and 
question reproducibility. Gas chromatography 
has been advocated as a comprehensive, 
objective, and reproducible method of quantitative 
assessment of oral malodor. However, the high 
instrument cost, need for extensive operator 
training, and long measurement time make 
it impractical for most clinical applications. A 
portable sulfide monitor – Halimeter – has been 
commonly used in clinical research, breath 
clinics, and dental practices as a practical way 
to quantitatively measure VSCs of oral malodor. 
Despite its limitations of not measuring the 
entire spectrum of oral odorants and potential 
interference from other volatile compounds in 
ambient air, Halimeter has been a method of 
choice for many researchers and practitioners 
because of its high throughput, ease of use, and 
relative reproducibility. VSC levels measured by 
Halimeter were reported to be correlated with the 
organoleptic scores and measurements obtained 
by gas chromatography.12,15-18

The aim of this clinical trial was to assess 
the overnight malodor reduction benefits of a 
therapeutic night-time oral hygiene regimen 
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containing 0.454% stannous fluoride and sodium 
hexametaphosphate, Crest® Pro-Health® Night 
rinse (Procter & Gamble, Cincinnati, OH, USA) 
containing 0.07% cetylpyridinium chloride (CPC), 
and Oral-B® Vitality™ Precision Clean™ power 
toothbrush (Procter & Gamble, Cincinnati, OH, 
USA) with a built-in 2-minute timer and B was a 
control regimen of Crest Cavity Protection (Procter 
& Gamble, Cincinnati, OH, USA) dentifrice and an 
ADA reference manual toothbrush. Regimen details 
are provided in Table 1.

To avoid potential malodor measurement 
confounders, subjects were cautioned to avoid 
the following prior to study baseline and all 
subsequent visits:

• Eating, drinking, performing oral hygiene, 
smoking, or using breath mints, lozenges, or 
chewing gum after the evening product use 
before a study visit.

• Consuming alcohol, highly seasoned foods, or 
foods associated with oral malodor (e.g., garlic, 
onions) within 24 hours before a study visit.

• Wearing perfume, powder, aftershave, or 
any other scented products on the malodor 
assessment days.

Each treatment period consisted of a baseline 
and a 24-hour overnight assessment of VSCs 
via the Halimeter® (Interscan Corporation, 
Chatsworth, CA, USA). At baseline of treatment 
period 1, participants were randomly assigned 
to one of four crossover treatment sequences, 
AABB, BBAA, ABBA, or BAAB, where A was a 
night-time regimen of Crest® Pro-Health® Night 
dentifrice (Procter & Gamble, Cincinnati, OH, USA) 

Table 1. Treatment regimens.
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At each assessment, subjects were instructed 
to keep their mouth closed for two minutes and 
not to swallow during this time. The subject then 
placed his/her mouth around a clean cylinder 
connected to the instrument. While the subject 
held his/her breath, the instrument drew air from 
the mouth (without touching the subject’s mouth) 
and the VSC concentration was recorded.

Following the baseline Halimeter assessment, 
subjects used their assigned test products 
(overlabeled for blinding purposes) under 
supervision. Subjects were dismissed with their 
test products and instructed to follow their assigned 
regimen that evening at home prior to 11:00 
pm. Subjects were reminded to observe eating, 
drinking, and brushing restrictions after the evening 
brushing prior to the next visit and to abstain from 
tongue brushing and flossing for the duration of 
the trial. At approximately 24 hours post-baseline, 
subjects returned for a Halimeter assessment 
representing the “overnight” time point.

At the end of each treatment period, test products 
were collected and all subjects entered a 2-day 
washout phase to prevent product carryover effects. 
Subjects used their acclimation products during 
the wash-out periods. After completing the four 
test periods and corresponding washout phases, 
subjects were dismissed from the study. Any 
adverse events reported by the subjects during the 
course of the study were appropriately recorded.

Breath Odor Measurement
Levels of VSC emissions were quantified in parts 
per billion (ppb) using a commercially available 
portable pre-calibrated Halimeter, operated by a 
trained technician. This instrument, shown in Figure 
2, is sensitive to the chief malodorants of halitosis, 
including hydrogen sulfide and methyl mercaptan.

Figure 1. Study design.

Figure 2. Halimeter assessment.

To view the video, please go to the 
online article at www.thejcdp.com
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the natural log scale of 5.66 ± 0.099 and 5.57 ± 
0.099 for the night-time and the control regimens, 
respectively. Back transforming the adjusted 
means to the original ppb scale resulted in 287 
for the night-time regimen and 262 for the control 
regimen. Treatment efficacy results are presented 
in Figure 3.

Following use of the assigned products and 
comparing baseline pre-treatment to 24 hours, only 
the Pro-Health Night regimen provided a statistically 
significant (p<0.0001) reduction in the mean VSC 
level. There was no statistically significant change 
(p=0.695) in mean VSC relative to baseline with 
use of the control regimen. No evidence of a 
treatment carryover effect (p=0.345) was detected 
in the 24-hour VSC measurements. A statistically 
significant (p<0.0001) positive association was 
observed between the malodor measurements at 
baseline and 24-hours post-brushing.

Statistical Analysis
Halimeter VSC data were analyzed on the 
natural logarithm scale, and mean results were 
transformed back to the original scale. Treatment 
effects were determined for each post-baseline 
evaluation point using analysis of covariance 
(ANCOVA) for a crossover design with subject 
period and treatment as factors and with baseline 
VSC as a covariate. The carry-over effect was 
not significant and was eliminated from the final 
statistical model. Comparisons were two-sided at 
the 0.05 level of significance.

Results
Twenty-five subjects completed the study and 
were deemed evaluable for analyses. Subjects 
ranged in age from 27-60 years (mean 42.1 
years) and 60% were female. Treatments were 
balanced (p=0.245) with respect to baseline 
VSC with adjusted means ± standard errors on 

Figure 3. Breath odor results (Total Volatile Sulfur Compounds).
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brush regimen. 
In fact, there was 
no change in 
adjusted mean 
VSC compared to 
pre-treatment after 
brushing with the 
control regimen for 
one day.

The findings of the 
study are consistent 
with the published literature, where breath 
benefits have frequently been reported with 
use of the active ingredients in the Pro-Health 
dentifrices and rinses: stannous fluoride and CPC 
alone or in combination. In a 5-day investigation 
by Gerlach and colleagues29 for example, use of 
a 0.454% stannous fluoride dentifrice produced 
greater breath improvements when compared 
to sodium fluoride/pyrophosphate and sodium 
fluoride/triclosan dentifrice controls. A stabilized 
combination 0.454% stannous fluoride/sodium 
hexametaphosphate dentifrice has repeatedly 
been shown to be significantly more effective 
than either triclosan/copolymer or sodium fluoride 
controls in reducing malodor in both short-
term5,30,31 and longer-term32 trials. A recent study 
demonstrated an overnight breath benefit of Crest 
Pro-Health dentifrice after one day of product use 
measured both instrumentally via Halimeter and 
by human nose via organoleptic assessments.5 
Another clinical study showed subjects rinsing 
with a 0.07% CPC mouthrinse (Crest Pro-Health) 
following brushing realized significantly greater 
VSC reductions than those rinsing with water 
alone at both overnight and daytime time points.33

The advanced technology found in the regimen 
toothbrush contributes to documented plaque 
removal effectiveness, which in turn can improve 
breath odor. The Oral-B Vitality Precision 
Clean rotating-oscillating power toothbrush was 
partnered with the Crest Pro-Health Night paste 
and rinse in the study. In a single-use clinical 
trial, it demonstrated up to 77% superior whole 
mouth plaque removal compared to a manual 
brush.34 This is consistent with the findings of 
the Cochrane Report, which concluded powered 
toothbrushes with a rotating-oscillating design 
removed more plaque than manual brushes 
across 42 clinical trials.35

In comparing the two treatment regimens for 
natural log VSC, the 24 hour post-brushing 
adjusted means ± standard errors were 5.15 ± 
0.079 for the night-time regimen and 5.58 ± 0.079 
for the control regimen, with treatments differing 
significantly (p<0.0001). Back transforming 
the adjusted means into the original ppb scale 
resulted in 172 for the night-time regimen relative 
to 265 for the control regimen, representing a 
35% reduction in overnight breath malodor for the 
night-time regimen.

All regimens were well-tolerated, and there were 
no reports of adverse events in the clinical study.

Discussion
This clinical trial was undertaken to determine the 
impact on overnight breath malodor reduction of a 
night regimen consisting of a therapeutic dentifrice 
containing stannous fluoride, antibacterial mouth 
rinse containing CPC, and an oscillating-rotating 
power toothbrush when compared to use of a 
regular dentifrice and basic manual toothbrush. 
Stannous fluoride is an antibacterial agent 
shown to be effective against a wide range of 
microorganisms.19 Sustained antimicrobial activity 
of stannous fluoride and its retention in dental 
plaque have been previously reported.20,21 CPC is 
a cationic agent, a class which has been shown 
to be substantive to oral tissues.22,23

Post-treatment overnight (“morning breath”) 
malodor was quantified in VSC levels using a 
portable sulfide monitor – Halimeter. Potentially 
confounding variables were controlled and a 
standard in breath odor evaluation was utilized. 
The Halimeter is an objective quantifier of volatile 
sulfides, and has been shown to be closely 
correlated with other more indirect or subjective 
breath measurements such as organoleptic 
diagnosis and tongue coating measurements24,25 
and even subject questionnaire self-evaluations.26 
Its suitability for breath odor clinical trials is well-
established in the dental literature.5,27,28

In this clinical study, brushing and rinsing with 
the Crest Pro-Health Night paste-rinse/Oral-B 
Vitality power brush regimen twice during a 
24-hour treatment period resulted in highly 
significant overnight breath odor reductions, 35% 
greater (p<0.0001) than those seen with use 
of the control Crest Cavity Protection/manual 
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to breath odor. Rather than suggesting a stand-
alone product, dental professionals may want to 
consider recommending a combination regimen to 
their affected patients similar to that used in these 
trials to enhance adjunctive malodor reduction 
benefits. Additional research may be indicated to 
evaluate long-term effects of therapeutic regimens 
on oral malodor.

Conclusion
One-day use of a night-time antibacterial paste 
and rinse/advanced-design brush combination 
regimen provided a 35% reduction in overnight 
breath malodor compared to regular brushing.

Clinical Significance
Combining a proven therapeutic dentifrice, 
mouthrinse, and advanced design toothbrush 
in a single regimen is an efficient means of 
maximizing breath odor reductions.

Integrating both the antimicrobial brush/rinse 
duo and the advanced-design toothbrushes into 
a single malodor-fighting regimen augmented 
the VSC reductions when compared to brushing 
only, likely due to the additive effects on bacteria 
reduction. While the individual products used in 
these trials all have demonstrated independent 
plaque and/or malodor reduction benefits, 
integrating them into a single regimen yields a 
3-pronged attack on the microorganisms that lead 
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