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Abstract
Aims: A single centre, randomised single-blind, three-way crossover study was
performed, to compare the effect of an experimental test toothpaste with a
commercially available whitening toothpaste and water control at inhibiting extrinsic
stain promoted by repeated chlorhexidine/tea rinses.

Methods: This study used 23 subjects. During the week before the study the subjects
received a prophylaxis to remove all staining, plaque and calculus deposits. On the
Monday of the following week subjects returned to the clinic to receive their rinses
and to check their dentition was stain free. Under direct supervision at both 09:00 and
13:00 hours they rinsed with either a toothpaste slurry or water control that was
repeated daily up to and including the following Thursday. Additionally from the
Monday to the Thursday each subject rinsed with a 0.2% chlorhexidine mouthrinse,
immediately followed by a rinse with a warm black tea solution. This cycle was
repeated hourly eight times throughout the day and on the following days until the
Friday. Throughout this period volunteers omitted all other forms of oral hygiene
except rinsing with the chlorhexidine mouthwash. On the Friday the level of stain on
the teeth and dorsum of tongue was assessed using the Lobene stain index for both
stain area and intensity. At the end of each trial period each subject received a
thorough prophylaxis to remove all plaque, calculus and staining before starting the
second and third period of the study.

Results: As expected appreciable amounts of extrinsic stain accumulated on the teeth
over each study period. The amount of stain following use of the toothpastes and water
control was least with the experimental toothpaste, followed by water control and
lastly the commercial whitening paste. For all sites combined there was evidence that
the experimental paste was significantly superior to both the commercial paste and
water control at reducing stain area (po0.001), a product of stain area and intensity
(po0.001 and 0.05, respectively) but not stain intensity (p40.05).

Conclusions: In this stain-prevention model the use of an experimental paste showed
a significant reduction in stain accumulation on the teeth compared with a (placebo)
negative water control and a commercially available whitening paste. As such the
experimental paste would be expected to be of benefit in controlling extrinsic dental
staining.
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The potential value of toothpastes at
reducing or removing extrinsic dental
stain has recently been accentuated with
the introduction of more and more
whitening toothpastes onto the market.
Many of these products will help to
control dietary-induced stain by way of
the abrasives incorporated into the
product that remove both pellicle and
extrinsic dental stain itself. It is also
recognised that certain types of chemi-
cals incorporated into the paste may
also help to reduce stain by a chemical
action through stain inhibition and or
direct stain removal. These chemicals
include enzymes, detergents and oxyge-
nating agents (for reviews, see Ponte-
fract et al. 2001, White 2001). One
chemical that initially showed promise
was polyvinyl pyrrolidone (PVP), which
in vitro was shown to reduce staining of
hydroxyapatite specimens exposed to
tea and chlorhexidine (Barnett et al.
1994). The results of a clinical study
using PVP with chlorhexidine rinses
initially produced promising results in
terms of a stain-reducing effect by the
former but at the expense of reduced
clinical activity for the chlorhexidine
(Claydon et al. 2001a). However, the
findings of a subsequent study by the
same authors questioned the usefulness
of PVP as an inhibitor of staining
associated with chlorhexidine (Claydon
et al. 2001b).

Irrespective of how a specific chemi-
cal may be of benefit when used in
either a mouthrinse or indeed in a
toothpaste, there is lack of evidence to
suggest that one stain-reducing system
or product is superior to another. This
conclusion is compounded by the lack
of clinical studies that aim to compare
the efficacy of new and established
products. Most studies would appear to
be home usage studies in which large
numbers of volunteers use a test product
or a control over a period of weeks or
months and naturally occurring stain is
measured at predetermined intervals
(Sharma et al. 1999, Gerlach et al.
2001, Ayad et al. 2000, 2002, Sielski
et al. 2002, Singh et al. 2002). Other
studies have used similar protocols in
which extrinsic dental stain is promoted
by the use of chlorhexidine rinses
(Grossman et al. 1987, Emling et al.
1992, Koertge et al. 1993, Bollmer et al.
1995). The antiseptic chlorhexidine is
particularly known to promote staining
through an interaction with dietary
chromogens such as those found in
tea, coffee and red wine (Addy &

Moran 1985, Addy et al. 1985). This
interaction between chlorhexidine and
tea can be exploited in clinical studies to
force stain production in subjects over a
period of a few days. This promotion of
chlorhexidine staining can either be
instituted prior to the start of the study,
i.e. a stain removal study (Gerlach &
White 2001) or actually during the
study period itself, i.e. a stain inhibition
study (Koertge et al. 1993). Thus the
efficacy of whitening toothpastes at
inhibiting or reducing the formation of
chlorhexidine/tea-induced staining can
be assessed over a few days instead of
over a few weeks or months. In the
present study the effectiveness of an
experimental whitening toothpaste was
compared with a commercially avail-
able whitening paste and water control.
In order to exclude any activity because
of the presence of abrasives in either of
the toothpastes when applied by a tooth-
brush, both pastes were employed as
slurry rinses used twice daily.

Material and Methods

A group of 24 healthy dentate volun-
teers were recruited to this study who
fulfilled the necessary inclusion/exclu-
sion criteria. Subsequently 23 subjects
(10 male, 13 female, age range 21–58
years, mean 34 years) started the study
as one volunteer dropped out before
recovering any stain data. Prior to the
study, approval from the Local Ethics
Committee was sought and fully
informed consent, both oral and written,
was obtained from all participating
subjects. Healthy subjects were
included of either gender, aged between
18 and 65 years, with no medical or
pharmacotherapy history that could
have compromised the conduct of the
study. The subjects were dentate with at
least 24 natural teeth and with no fixed
or removable orthodontic appliances or
removable prostheses. The design of the
study consisted of three cycles, com-
prising 4 days of stain formation. The
study toothpastes consisted of a test
paste with a novel whitening formula-
tion, a commercially available whiten-
ing toothpaste (Rembrandt Whitening,
Den-Mat Corporation, Santa Maria, CA,
USA) and a negative control water
rinse. The test toothpaste was a non-
marketed experimental formulation that
contained sodium fluoride and hydrated
silica as the abrasive. In addition, the
paste contained sodium tripolypho-
sphate that is associated with potential

stain removal properties and PVP,
which is associated with stain-preven-
tion properties. Each subject was
assigned to one of the toothpaste or
water rinse according to a predeter-
mined randomisation schedule supplied
by the sponsor. Prior to each study
period, each subject received a thorough
prophylaxis to remove all staining,
plaque and calculus from the dentition.
On day 1 of the treatment phase (Mon-
day) the teeth were examined to confirm
that they were stain free. Any remaining
stain required the subject to undergo a
further oral prophylaxis. At this time
and for the following 3 days, subjects
were instructed under supervision to
rinse with 10ml of a 0.2% chlorhex-
idine mouthwash for 60 s eight times a
day and then expectorate. Immediately
after rinsing with the mouthwash sub-
jects rinsed for 60 s with 10ml of a
warm tea solution and then expecto-
rated. Throughout this period volunteers
omitted all other forms of oral hygiene
except rinsing with the chlorhexidine
mouthwash. The toothpaste slurry rinses
comprised 3 g of the paste dissolved in
10ml of water rinsed for 60 s at 09:00
and 13:00 hours every day from the
Monday to the Thursday. Alternatively
and according to the randomisation
schedule, subjects rinsed with 10ml of
water. This regimen continued each day
until the Friday when the level of stain on
teeth was assessed by an experienced
assessor (N. C.) who was completely
blinded as regard to which toothpaste was
used by each subject at each study period.

Using the method described by
Lobene (1968), the intensity of stain
on the gingival crescent and body of the
tooth on the buccal surfaces of each
assessable incisor, canine and premolar
teeth were observationally scored using
the four-point scale:

0 5 no stain
1 5 light stain
2 5moderate stain
3 5 heavy stain

Using the method described by Lobene
(1968), the area of stain on the gingival
crescent and body of the tooth on the
buccal surfaces of each assessable inci-
sor and premolar teeth were observation-
ally scored using the four-point scale:

0 5 no stain detected only tooth colour
1 5 stain covering up to one-third of the

tooth surface
2 5 stain covering between one-third and

two-thirds of the tooth surface
3 5 stain covering more than two-thirds of

the tooth
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The dorsum of the tongue was also
scored using similar scales. For both
scoring of tongue and teeth a standar-
dised light source for stain assessment
was used (Color-i-dent IIs, Waldmann
GMBH, Villingen-Schwenningen, Ger-
many).

Subjects were then told to brush at
home over the weekend with a supplied
washout toothpaste and toothbrush.
Each subject also received a thorough
prophylaxis to remove all plaque calcu-
lus and staining before the second and
subsequent third study period.

These periods of the study employed
the same regimen and on completion of
both legs of the study, volunteers were
seen again to remove any deposits of
stain, plaque and calculus.

Statistical analysis

The primary outcome measures were
the whole-mouth mean stain area score,
stain intensity and the mean combined
(product of area and intensity) dental
stain scores on the assessment day.
These outcome measures were sum-
marised by calculating means and
standard deviations for each of the two
toothpastes. Means and standard devia-
tions were also calculated where appro-
priate, for each tooth surface subset, i.e.
gingival crescent and body of tooth.

The main analysis was analysis of
variance (ANOVA) corresponding to the
crossover design, modelling the stain
score on three factors namely subject,
period and treatment. Point estimates,
95% confidence intervals and p-values
were calculated for differences between
the three treatments. Preliminary exam-
ination of data did not suggest any serious
departure from Gaussian distributional
form and as such confirmatory non-
parametric analyses were not performed.

Results

Of the 23 subjects, 21 fully completed
the three test periods. None of the
subjects were either suspected or known
to have seriously violated the protocol.
At the end of each of the periods con-
siderable amounts of stain were evident
irrespective of treatment with the tooth-
pastes or water control (Table 1).
For gingival and body sites combined,
the least amount of stain measured as
the product of stain intensity and area
was seen following use of the test
toothpaste, followed by the water con-
trol and finally the commercially avail-
able whitening paste. Similar findings

were seen when considering gingival
and body sites alone. Mean statistics
and subsequent ANOVA showed that there
were significant differences in the
ability of the two toothpastes and water
control to inhibit stain. This was evident
whether assessing stain area, intensity
or a product of the two measurements.
Pairwise comparisons between the pro-
ducts and the water control demon-
strated significantly less stain with the
test paste than the commercial paste
(Table 2). This was notable especially
for combined gingival and body sites
stain area (p5o0.001) and intensi-
ty � area (p5o0.001). This repre-
sented a difference of about 25%
between the two pastes for stain inten-
sity � area. No significant difference in
stain intensity was noted, however,
between the two pastes for combined
gingival and body sites. Significant
reductions in stain area (p5o0.001)
and intensity � area (p5o0.05) were
also seen for the test paste compared
with the water control. This represented
reductions of 16% and 14%, respec-
tively, for combined gingival and body

sites. Perhaps surprisingly the stain
following use of the water control was
also significantly less than that seen
with the commercial paste. Thus for
combined gingival and body sites, stain
intensity and product of stain intensi-
ty � area were significantly greater than
with the water rinses (po0.05). No
significant differences between treat-
ments for assessment of tongue staining
were noted.

Discussion

At present there would appear to be
considerable demand for oral hygiene
products that help to eliminate or reduce
extrinsic dental staining. The incorpora-
tion of abrasives in particularly tooth-
pastes may help to physically remove
stain but since virtually all toothpastes
contain abrasives some benefit may be
expected even by conventional pro-
ducts. The concept of whitening for-
mulations containing specific chemicals
that reduce or inhibit stain independent
of a physical effect would appear to be
particularly attractive since reduced

Table 1. Mean stain intensity and area after 4 days use of test and commercial toothpaste slurries
and chlorhexidine/tea mouthrinses

Mean stain
intensity (I)

Mean stain
area (A)

Mean stain
product (I � A)

Gingival and body sites combined
test paste 1.70 (0.35) 1.89 (0.45) 3.34(1.26)
commercial paste 1.86 (0.40) 2.35 (0.33) 4.47(1.35)
water 1.69 (0.36) 2.26 (0.36) 3.89 (1.29)

Gingival sites
test paste 2.21 (0.49) 2.08 (0.54) 4.63 (1.82)
commercial paste 2.31 (0.50) 2.50 (0.41) 5.77 (1.73)
water 2.15 (0.50) 2.43 (0.43) 5.19 (1.80)

Body sites
test paste 1.20 (0.31) 1.69 (0.51) 2.06 (0.84)
commercial paste 1.42 (0.36) 2.20 (0.33) 3.16 (1.12)
water 1.23 (0.29) 2.10 (0.48) 2.60 (0.90)

Table 2. Comparison of stain accumulation following use of test (T) and commercial (C)
toothpaste slurry rinses and water

Point estimate 95% confidence interval p-value

Intensity (I)
paste T versus paste C 0.12 � 0.03 to 0.27 0.104
paste T versus water � 0.04 � 0.19 to 0.11 0.598
paste C versus water 0.16 0.01–0.31 0.032

Area (A)
paste T versus paste C 0.45 0.33–0.57 o0.001
paste T versus water 0.38 0.26–0.50 o0.001
paste C versus water 0.07 � 0.06 to 0.19 0.280

Product (I � A)
paste T versus paste C 1.03 0.61–1.46 o0.001
paste T versus water 0.50 0.08–0.92 0.020
paste C versus water 0.53 0.11–0.95 0.015

Contrasts between pairs of treatments for gingival and body sites combined.
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staining may be apparent in sites of the
dentition where the abrasive effects of
the toothpaste would be less obvious.
To date various types of chemicals have
been suggested to be of potential value
and work via the inclusion of surfac-
tants, enzyme systems, calcium-chelat-
ing builders and calcium phosphate
absorbants. These chemicals work
either by lightening existing stain or
by physical desorption of adherent stain.
Sound clinical evidence of efficacy to
support laboratory data overall remains
patchy (Sharif et al. 2000). In the
present study, a test whitening formula-
tion containing PVP was evaluated to
determine whether stain could be inhib-
ited more effectively than a recognised
commercial whitening paste and water
control. The findings of the study
showed evidence that the test whitening
paste was superior to the commercial
paste and water control. The mechanism
whereby the test product inhibited stain
formation is not known. It is possible,
however, that either or both of the active
ingredients, namely PVP and sodium
tripolyphosphate interfered with the
binding of dietary chromogen (tea) to
chlorhexidine adsorbed to the tooth
surface. Perhaps surprisingly, the recog-
nised commercial whitening paste not
only failed to reduce stain compared
with the water control but was also
found to promote stain in this model.
This is more surprising since as part of
its formulation it would contain the
surfactant sodium lauryl sulphate that is
known to have a reducing effect on stain
in vitro (Swaminathan et al. 1996a).
This relative lack of activity for the
commercial paste has been demon-
strated in vitro (Swaminathan et al.
1996b) and from a recent clinical study
(Pontefract et al. 2004) would question
previously reported clinical efficacy for
this particular product (Emling et al.
1992). One possible reason for this
variance in findings may be because of
the reduced time frame and accumu-
lated total exposure of the commercial
paste in the present study. Thus any
efficacy for the control commercially
available product may take weeks or
months to be obvious. It is also feasible
that the stain-reducing capacity in the
commercial paste was based primarily
on reducing stain by an abrasive effect
and as such rinsing with toothpaste
slurries would not be expected to reduce
stain to any appreciable degree.

In conclusion, using this stain-pre-
vention model an experimental paste

showed a significant reduction in stain
accumulation on the teeth compared
with a (placebo) negative water control
and a commercial whitening paste. As
such the experimental paste would be
expected to be of benefit in controlling
extrinsic dental staining.
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