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Abstract:
Background: To compare the enamel protection efficacy of stannous‑containing sodium fluoride and sodium 
monofluorophosphate (MFP)/triclosan dentifrices marketed in India in an in situ erosion model with acidic challenge. 
Materials and Methods: This randomised and controlled, in situ, supervised, double‑blind clinical trial employed 
a two‑treatment, four‑period crossover design, wherein subjects wore an appliance fitted with human enamel 
samples 6 h/day during each 10 day treatment period and swished twice daily with their assigned dentifrice slurry: 
Oral‑B® Pro‑Health (maximum 1,000 ppm F as sodium fluoride with stannous chloride) or Colgate® Strong Teeth 
with Cavity Protection (maximum 1,000 F as sodium MFP and triclosan). Subjects swished with 250 ml of orange 
juice over a 10 min period after each treatment and twice daily for the acidic erosive challenge. Enamel samples 
were measured for tooth surface loss using contact profilometry at baseline and day 10. Results: A total of 34 
subjects were randomised to treatment; 32 subjects completed the final visit. Baseline profilometry measurements 
of the specimen surfaces were near zero within ± 0.3 µm, and no statistically significant difference (P > 0.48) 
on average was observed between the two test dentifrices. At day 10, the stannous‑containing dentifrice 
demonstrated 88% less erosion (P < 0.0001) relative to the MFP/triclosan dentifrice. Estimated medians (95% 
confidence intervals) were 0.21 µm (0.17, 0.25) for the stannous‑containing dentifrice versus 1.66 µm (1.39, 
1.99) for the MFP/triclosan dentifrice. Both dentifrices were well‑tolerated. Conclusions: Compared with MFP/
triclosan toothpaste, a stabilised stannous‑containing sodium fluoride dentifrice gave statistically significantly 
greater protection against tooth enamel surface loss in situ following repeated acid erosive challenge.
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INTRODUCTION

Dental erosion results when the enamel surface 
is excessively challenged by significant 

acidic insult, shifting the local pH below 4.5, 
and rendering the inherent protective features of 
the dental pellicle insufficient to shield against 
attrition, abrasion, and potentially permanent 
erosive damage.[1‑4] In contrast to dental caries, 
dental erosion is elicited by nonbacterial and 
lower‑pH acids. Some dietary acids can dissolve 
fluoroapatite and lead to irreversible surface 
damage without intervention.[1‑4] Dental erosion 
can be caused by intrinsic factors such as refluxed 
gastric acid, but is often precipitated by dietary 
sources.[5,6] In particular, the increasingly popular 
consumption by both adults and children of 
highly acidic beverages including fruit juices, 
soft drinks, energy drinks, and sports beverages 
is thought to be a significant contributor to 
the surprisingly high worldwide prevalence 
of dental erosion.[6‑10] Surveys from disparate 
locales of children, adolescents, and young 
adults have found the prevalence of tooth erosion 

to range from approximately 25% to as high 
as 78%.[11‑20] Nayak et  al.[21] have reported that 
almost one‑third of a population of 5‑year‑old 
children assessed in India had evidence of tooth 
erosion.

Tooth surface loss from erosion can bring 
about dentinal hypersensitivity and/or loss 
of function, potentially requiring costly and 
invasive professional restorative treatment.[22] 
Alternatively, preventive measures at the early 
stage of acid enamel dissolution are a superior 
strategy from both a patient comfort and cost 
standpoint. The extent and severity of erosion is 
influenced by factors such as the individual’s oral 
hygiene practices, the length and regularity of 
acid exposures, and the adequacy of saliva levels 
to neutralize acid attacks;[23] these constitute 
potential preventive intervention points in the 
erosion process.

Through extensive ongoing research and 
innovation in recent years, stannous fluoride 
dentifrices‑once hindered by formulation 
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challenges‑are now readily available in optimized 
aesthetically‑pleasing, stabilised formulations proven in a 
myriad of investigations to provide numerous therapeutic 
benefits, including enamel erosion protection. For maximum 
global consumer accessibility, patented stannous‑containing 
sodium fluoride formulations with multiple benefits have 
also been developed, utilizing stannous chloride and sodium 
fluoride to provide stabilisation and delivery of the stannous ion 
and fluoride ion, respectively. Recently, a stannous‑containing 
sodium fluoride dentifrice (maximum 1000 ppm fluoride) was 
introduced in India, which has shown in vitro superiority for 
erosion protection when compared with various controls.[24‑27]

This paper reports on a randomised and controlled, in  situ 
clinical investigation undertaken to evaluate the comparative 
antierosion benefits of this new stannous‑containing 
d e n t i f r i c e  c o m p a r e d  w i t h  a  m a r k e t e d  s o d i u m 
monofluorophosphate (sodium MFP)/triclosan control 
dentifrice in an adult population.

MATERIALS AND METHODS

Volunteers in good general health and at least 18 years old were 
recruited from Bristol University and the Bristol Dental School 
and Hospital. The study protocol and subject consent form 
had previously been reviewed and approved by the National 
Research Ethics Service Committee South West ‑   Exeter 
(13/SW/0039), United  Kingdom. Prospective subjects who 
provided written informed consent at the prestudy screening 
visit received clinical oral soft tissue evaluations, following 
which medical, demographic, and concomitant medication 
information was elicited. Those subjects who were deemed 
qualified for study enrolment met all entrance inclusion and 
exclusion criteria [Table 1].

This randomised single centre, double‑blind, supervised‑usage 
clinical trial‑conducted according to good clinical practice 
guidelines‑employed a two‑treatment, four‑period crossover 
design and an in situ erosion model based on Hooper et al.[28] to 

compare the enamel protection effectiveness of two dentifrices 
with differing fluoride systems. Ten weekday treatment days 
were included in each of the four study periods, and each 
study period was approximately 2  weeks long. Following 
enrolment, palatal intraoral appliances fitted with two enamel 
samples were constructed for subjects. A computer‑generated 
randomisation list was provided by the study sponsor and 
supplied to study site personnel who randomly assigned 
participants to one of four treatment sequences: AABB, 
BBAA, ABBA, and BAAB, where the letters correspond to the 
two‑treatments. Accordingly, each subject used the two test 
dentifrices 2 times during the trial:
•	� Maximum 1,000 ppm F as sodium fluoride and stannous 

chloride as a key excipient, marketed in India as Oral‑B® 
Pro‑Health dentifrice (The Procter and Gamble Company, 
Cincinnati, OH, USA)

•	� Maximum 1,000  ppm F as sodium MFP with triclosan, 
marketed in India as Colgate® Strong Teeth with Cavity 
Protection (Colgate‑Palmolive, New York, NY, USA).

Before presenting for their visit on every treatment day, 
subjects brushed with the supplied nontreatment dentifrice 
and toothbrush in their customary manner and according to 
oral and written instructions: 0.32% sodium fluoride (1450 ppm 
fluoride) marketed dentifrice (Crest® Decay Protection, The 
Procter and Gamble Company, Cincinnati, OH); and an 
Oral‑B® 35 manual toothbrush (The Procter and Gamble 
Company, Cincinnati, OH). These products were to be used 
on nontreatment days, weekends, in the morning and evening 
before and after treatment day visits, and prior to and following 
wearing of the dental appliances during treatment phases.

Treatment day procedures followed the predefined order 
summarised in Figure 1. At the clinical site on treatment 
days, subjects first inserted their custom palatal intraoral 
appliance containing the enamel samples and wore them 
approximately 6 h, whereby the samples were exposed to 
the treatment dentifrice and successive erosive challenges. 
While supervised by site personnel, study participants 
swished for 60 s with their assigned treatment toothpaste in 
slurry form twice each treatment day (baseline and 3 h after 
baseline). Swishing was followed by a rinse with 10 ml of 
water. Following each slurry treatment as well as at 2 and 6 h 
postbaseline (i.e. 4 times daily), the enamel samples worn via 
the intraoral appliances were given an erosive challenge with 
the administration of orange juice (Sainsbury’s Supermarkets 
Ltd, 33 Holborn, London, UK). Over one timed minute, 
subjects sipped the juice (25 ml), swished it thoroughly, and 

 

Hour Procedure
0 •  Enamel loss assessment‑baseline only

•  Treatment (60 s) assigned dentifrice slurry
•  Acid challenge (10 min) 250 ml orange juice

1
2 •  Acid challenge (10 min) 250 ml orange juice
3 •  Treatment (60 s) assigned dentifrice slurry

•  Acid challenge (10 min) 250 ml orange juice
4
5
6 •  Acid challenge (10 min) 250 ml orange juice
7 •  Enamel loss assessment day 10

Figure 1: Study procedures – treatment days 1–10

Table 1: Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
• �Provide written informed consent 

to participate in the study, and 
receive a copy of the signed 
consent form

• �Dental erosion or a previous 
history of susceptibility to high 
dental erosion after drinking 
sports drinks or juices

• �Agree not to participate in any 
other oral/dental product studies 
during the course of the study

• �Acid regurgitation 
susceptibility

• �Excessive gingival 
inflammation

• �Severe periodontal disease
• �Recurrent or regular 

aphthous ulcers
• �Nonremovable mouth or 

tongue jewelry

• �Agree to delay any elective 
dentistry (including dental 
prophylaxis) until the study has 
been completed

• �Agree to refrain from the use of 
any nonstudy dentifrice or other 
oral hygiene products for duration 
of study

• �Agree to return for all scheduled 
visits and follow study procedures

• �Be at least 18 years of age
• �Agree to refrain from taking an 

acidic medication (pH<5.3) during 
the course of the study

• �Be in good general health
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expectorated. This sequence was repeated 10 times, resulting 
in the exposure of the enamel samples to 250 ml of orange 
juice over 10 min during each replication. Ten minute acid 
challenges were used because this time period represents 
a reasonable time for consumption of a juice beverage or 
soft drink.[28,29] Subjects were prohibited from food and 
drink‑other than small water sips‑when wearing their 
appliance between slurry treatments and erosive challenges. 
The appliances were removed and stored in a moist container 
during a mid‑day lunch break.

Dentifrice slurries were prepared by clinical site personnel by 
mixing 3 g of dentifrice with 10 ml of water. To ensure study 
blinding, the identity of each assigned slurry was unknown to 
subjects, who were directed not to discuss the slurry physical 
properties with other subjects or clinical site personnel. Further, 
access to the product dispensing room was prohibited during 
treatment for the investigator and those involved in surface 
profilometry assessment and recording.

Fresh enamel samples were inserted in the intraoral appliance 
at the initiation of each new study period. A final clinical oral 
assessment and medical exit interview were conducted within 
2 weeks of completion of the fourth treatment period.

Recently extracted, adult caries‑free human third molars were 
obtained following ethical approval for use in preparation of 
the enamel samples at the clinical site according to institutional 
standard operating procedures.[28]

At the start and end of each treatment day, the palatal 
appliances containing the enamel samples were disinfected by 
dipping them for 3 min in Corsodyl® mouthrinse with 0.2% w/v 
chlorhexidine gluconate (GlaxoSmithKline, Brentford, 
Middlesex, UK) and rinsed with tap water. Samples were 
disinfected through soaking for 20 min in a mixture of 0.5% 
chlorhexidine and 70% aqueous ethanol before the profilometry 
measurements, after removal from the appliances, and again 
postmeasurement after being re‑taped and replaced in the 
appliances. A  “moist pot” (container with a cotton wool, 
water‑moistened pad) was used for storage of the intraoral 
palatal appliances when absent from the mouth, to prevent 
dehydration.

A calibrated surface (contact) profilometer  [Figure 2], was 
used to quantify enamel loss. A stainless steel jig held samples 
in place during the assessments. Operating in a controlled 
environment, the measuring head was fitted with a diamond 

stylus to follow the surface of the enamel under test, and 
transversed the specimen at a constant speed of 10 mm/min. 
The measuring heads’ signals were processed on an electrical 
control unit for display on a monitor screen.

Two baseline measurements were secured for each enamel 
sample, where readings were taken across a demarcated 
2-3 mm treatment area to be exposed to the test treatments and 
erosive challenges. Postexposure profilometry readings were 
measured in the same demarcated area at treatment day  10 of 
all treatment periods.

A clinical assessment of oral hard and soft tissues was utilized 
to assess safety.

Statistical analyses
Using 36 subjects, at least 80% power to detect a 2‑sided 
5% significant difference between the treatment dentifrices 
would be achieved provided the natural log scale effect size 
(mean difference divided by the error standard deviation) was 
0.50 or greater for this crossover design.

The primary outcome measure of efficacy in this study was 
dental erosion, measured by profilometry at day 10. For 
each subject, treatment period, and visit, the average of four 
erosion measurements was calculated using two replicate 
measurements from each of two enamel sections. Since the 
day 10 enamel loss distribution was right‑skewed, the data 
were transformed using the natural log function to make the 
distribution bell‑shaped before performing between‑treatment 
analysis that assumed normality. A  general linear mixed 
model was used to compare treatments, and the final model 
included period and treatment as fixed effects and subject as 
a random effect. Neither the carryover effect nor the baseline 
covariate was statistically significant (P > 0.33) and each was 
removed from the statistical model. From the final statistical 
model, estimated means on the natural log scale were 
back‑transformed by using the exponential function (emean) to 
obtain the estimated medians or 50th percentiles on the original 
scale (µm), and 95% confidence intervals (CI) were calculated. 
All statistical comparisons were two‑sided with a significance 
level of 0.05.

RESULTS

Thirty‑four subjects were enrolled and randomised to a test 
product sequence; 32 (94%) completed the study. The study 
was conducted between April and July 2013. Two subjects 
discontinued after Period 3 due to nonproduct related factors. 
The study population had an average age of 45.7 years (standard 
deviation 11.60), and ranged in age from 24 to 65 years. Female 
volunteers constituted 74% of the enrolled volunteers, and 91% 
of subjects were Caucasian [Table 2].

The baseline profilometry measurements of the specimen 
surfaces were near zero within ± 0.3 µm, and no statistically 
significant difference (P  >  0.48) on average was observed 
between the two test dentifrices. As displayed in Table  3, 
after 10  days of dietary acid challenge, the treatment 
comparison of the profilometry surface levels demonstrated 
that the stannous‑containing dentifrice produced statistically 
significantly (P < 0.0001) less erosion by 88% resulting in greater Figure 2:  Contact Surface Profilomter
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enamel protection compared to the MFP/triclosan dentifrice, 
with an estimated median of 0.21 µm and a 95% CI of (0.17, 0.25) 
for the stannous‑containing dentifrice compared to an estimated 
erosion median of 1.66 µm and 95% CI of (1.39, 1.99) when 
subjects used the MFP/triclosan dentifrice. Using the natural 
log scale, estimated means from the statistical model were 
calculated for the stannous‑containing and MFP/triclosan 
test dentifrices, with the aforementioned estimated medians 
(µm) calculated by application of the exponential function. In 
the enamel loss statistical model used to compare treatment 
dentifrices on the natural log scale, neither the carryover effect 
nor the baseline measurement covariate demonstrated evidence 
of being statistically significant (P > 0.33) at day 10, and so both 
effects were removed from the final statistical model.

Table 4 summarises basic descriptive statistics. The observed 
median of the data was 0.19 µm for the stannous‑containing 
dentifrice and 1.62 µm for the MFP/triclosan dentifrice. These 
simple medians of the data were consistent with estimates from 
the more complex statistical model that adjusted for period and 
subject to subject variability with estimated medians of 0.21 
and 1.66 for the NaF/stannous and MFP/triclosan dentifrices, 
respectively. However, the means from Table 4 were inflated 
relative to the medians due to the right‑skewed nature of 
the data distribution. Figures 3 and 4 display the individual 
subject and period level data as well as boxplot summaries of 
the distribution for both the original and natural logarithm 
scales, respectively. The right‑skewed nature of the data was 
readily apparent, especially as erosion levels increased for the 

lesser effective MFP/triclosan dentifrice, which initiated the 
need to perform statistical modeling of the data on the natural 
log scale in order to comply with the normality assumptions.

Both dentifrices were well‑tolerated. One adverse event, a 
mouth ulcer rated mild in severity, was reported in a subject 
who withdrew following period 1. Upon questioning and 
clinical examination, the event was deemed not related to 
study product use.

DISCUSSION

The brand name and packaging of certain fluoride dentifrices 
may convey a message that these products provide strong 
fortifying protection against all potential threats to dental 
enamel integrity. In the area of tooth erosion, however, 
the existing high erosion prevalence rates coupled with 
widespread dentifrice use suggests that not all fluoride systems 
provide clinically meaningful acid‑induced tooth surface loss 
protection. Stannous‑containing dentifrices have demonstrated 
erosion protection, with significantly greater benefits relative to 
other fluoride dentifrices substantiated in multiple published 
investigations.[24‑28,30‑37] Stannous fluoride has been shown 
to form insoluble tin‑rich complexes that have the potential 
to enhance the resistance of the tooth surface against acid 
challenges.[38]

Faller and Eversole[30] compared the ability of various fluoride 
dentifrices to form a protective barrier layer to erosive acid 
in  vitro; they found the SnF2 treatment was significantly 
more effective than sodium fluoride (NaF), sodium MFP, 
and amine fluoride. Similarly, in separate research by this 
investigator,[35] a stabilised stannous fluoride dentifrice 
significantly outperformed NaF, sodium MFP, NaF plus 
5% potassium nitrate, and sodium MFP plus 8% arginine 
bicarbonate dentifrices in enamel protection of extracted 
human teeth from erosive acid damage, using a controlled 
series of tests involving four dietary acids. Furthermore, in 
a trial employing 24 cycles of citric acid challenge to bovine 
enamel samples by Paepegaey et  al.,[36] the stabilised SnF2 
dentifrice was significantly (P  <  0.0001) more effective in 
preventing enamel erosion when contrasted with NaF and 
MFP dentifrices, and was 62% (P < 0.0001) better in enamel 

Figure 3:  Enamel Loss (µm) at Day 10 versus Dentifrice displaying Period Figure 4:  Log Enamel Loss at Day 10 versus Dentifrice displaying Period

Table 2: Demographics summary
Demographic statistic/category Value
Age (years)

Mean (SD) 45.7 (11.6)
Minimum-maximum 24-65

Ethnicity n (%)
Asian Oriental 1 (3)
Black 1 (3)
Caucasian 31 (91)
Asian Indian 1 (3)

Sex n (%)
Female 25 (74)
Male 9 (26)

SD – Standard deviation
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Table 3: Enamel loss (µm) treatment comparison at day 10
Treatment at day 10a Original scale in µm 

estimated medianb (95% CI)
Log scale 
mean (SE)

% less erosion versus 
MFP/triclosanc

Two‑sided
P value

NaF/stannous dentifrice 0.21 (0.17, 0.25) −1.580 (0.092) 88% <0.0001
MFP/triclosan dentifrice 1.66 (1.39, 1.99) 0.507 (0.091)
NaF – Sodium fluoride; MFP – Monofluorophosphate; CI – Confidence interval; SE – Standard error; Log scale – Natural logarithm. aDay 10 variance 
components: Subject=0.070, residual=0.420; bEstimated medians in µm were obtained by using the exponential function on the means from the natural logarithm 
scale (emean), and 95% CI were calculated; cCalculated from estimated medians in µm as 100% (MFP – stannous) divided by MFP

loss protection versus a water control. Similar findings have 
been demonstrated for the stannous‑based dentifrice recently 
introduced in India. In two separate in vitro studies by Chen[24] 
and Su,[25] the stabilised stannous‑containing dentifrice 
significantly (P < 0.05) outperformed MFP/triclosan dentifrice 
in erosion resistance following multiple acidic challenges. The 
results of the in situ clinical trial reported here are confirmatory, 
providing statistically significant clinical evidence of the 
markedly greater effectiveness (88% less erosion) for a newly 
introduced stabilised stannous‑containing toothpaste in 
providing enamel protection to withstand repeated acid attacks 
when compared to an MFP/triclosan dentifrice marketed 
as a tooth‑strengthener. One might argue the in  situ benefit 
should be manifested in long‑term human erosion clinical 
studies, however, those studies are impractical given the slow 
progression of this condition.

Ideally, patients would adhere to their dental professionals’ 
recommendations to brush and floss regularly and thoroughly 
to remove dental plaque. In actuality, habits and practices 
surveys reveal that efficient toothbrushing and frequent 
flossing are not normative,[39,40] leading to unacceptably high 
levels of oral disease worldwide.[41] With education and patient 
motivation, changed behavior can be effected, but sustainable 
improvements to ingrained habits have been shown to be 
challenging.[42] While oral hygiene practices differ somewhat 
across the globe, most adults report that at a minimum 
they use a toothbrush and dentifrice at least once daily.[39,43] 
Incorporating a dentifrice with proven clinical antierosion 
protection, therefore, such as that afforded by the new Oral‑B 
Pro‑Health stabilised stannous‑containing toothpaste, is a 
simple yet highly beneficial means of reducing the threat of 
tooth surface loss without the need for adding an extra step 
or product into the daily oral hygiene routine.
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