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Deposition of an acid-resistant barrier onto enamel represents a potentially superior means for delivering protection
against dietary, erosive acid challenges. Purpose: The purpose of this study was to demonstrate the ability of a stabilised
stannous fluoride (SnF2) dentifrice to: (1) deposit a SnF2 barrier layer onto pellicle-coated enamel surfaces; (2) increase
the intensity of the barrier layer over time; and (3) be retained on the enamel surface for hours after product use. Meth-
ods: Squares of human enamel were exposed to pooled saliva for 1 hour (pellicle formation) and separated into six sets.
Set 1 was treated with the supernatant of a 1:3 slurry of the test dentifrice (Crest� Pro-Health�: water for 2 minutes),
then rinsed. Set 2 was treated in the same manner and then placed into saliva (6 hours). Set 3 was cycled through seven
repeated treatments. Set 4 was treated for seven cycles and then placed into saliva (6 hours). Set 5 was a water control,
and set 6 was a water control that remained in saliva for 6 hours. Surface analysis of specimens was done using laser abla-
tion Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). Results: Deposition of a barrier layer was demonstrated,
beginning with the initial treatment, with Sn (using isotopes 117Sn + 120Sn) measured on the enamel surface as the refer-
ence marker. Deposition of the barrier layer was greater after seven cycles, and the retention of this layer was highly signif-
icant (P = 0.05, ANOVA: 6 hours). Conclusions: This study confirms that: (1) the stabilised SnF2 dentifrice deposits a barrier
layer onto the enamel surface, beginning with the first use of the product; (2) this barrier is enhanced following multiple
treatments; and (3) the barrier layer is retained on the enamel surface for hours after product use.
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INTRODUCTION

Rather than being an isolated problem in specific popu-
lations, tooth surface loss, or dental erosion, is an issue
with global implications1. Erosive tooth surface loss
can lead to a range of oral care issues, such as pain,
dentine hypersensitivity and increased risk of caries,
particularly if preventive measures are not taken to
avoid the loss of oral hard tissues. As dental erosion
becomes more prevalent, the condition and these asso-
ciated problems are becoming recognised as a serious
public health issue2. An awareness of the key factors
responsible for initiating and enabling the progression
of dental erosion, as well as identification of the most
effective preventive strategies, are important in the pre-
vention or management of this condition.
There are many factors with the potential to encourage

the initiation and progression of dental erosion, including
diets high in acid-containing products3, certain consumer
behaviours such as holding acidic beverages in the mouth
or swishing them around between the teeth4,5, brushing
teeth soon after ingesting acid-containing foods and bev-

erages6, eating disorders such as bulimia4,7, where teeth
are aggressively challenged with gastric acids, and the
widespread use of medications with the potential to
reduce salivary levels or flow8; all have the potential to
lead to increased tooth surface loss. While all of these fac-
tors have the potential to either initiate or aggravate den-
tal erosion, most researchers agree that excessive
consumption of acid-containing foods and beverages is a
primary factor of this emerging issue9–11. Although there
is little controversy that dental erosion is both present
and increasing, there is not a general agreement among
professionals as to the best ways to help prevent the
problem from becoming even more prevalent. This is
particularly true with respect to the recommended use of
oral care products that might provide protective benefits
against dental erosion.
As a result of its proven ability to strengthen tooth

enamel against bacterial acids that cause caries,
fluoride has been studied for its potential to protect
dental tissues against erosive acid damage12. Despite
the fact that fluoride has been demonstrated to
provide some acid protection benefit compared with
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placebo controls, it is clear that many fluoride-con-
taining products do not provide as great a level of
protection as one might desire13,14. As opposed to try-
ing to restore erosively softened mineral15, which is
highly susceptible to abrasion, a product that is capa-
ble of depositing an acid resistant, yet invisible barrier
layer onto tooth surfaces during brushing that is then
retained on that tooth surface for hours after product
use would theoretically provide a more effective
approach for preventing dental erosion. Data pre-
sented here confirm both the deposition and retention
of such a layer onto pellicle-coated enamel specimens,
delivered from a stabilised SnF2 dentifrice.

METHODS

This study was conducted following standards for
good laboratory practice. Human enamel specimens
were prepared using the following procedures.

Specimen collection and preparation

Enamel samples were prepared from human teeth for
all studies. Human upper incisors were obtained from
local oral surgeons who collected the teeth after
removing them, typically for orthodontic reasons. All
required precautions were in place to ensure proper
handling of tooth samples from the point of collection
to the ultimate use in these laboratory studies. Avail-
able teeth were individually cleaned and checked for
any visible surface cracks or other imperfections.
Those with any visible imperfections were discarded.
Teeth were stored before use under refrigeration
(approximately 5 °C) in a 5% thymol solution.
Enamel specimens were prepared by cutting

4 9 4 9 1 mm blocks from the teeth collected. These
blocks were placed individually in pre-numbered wells
of tissue culture plates for treatment and specimens were
randomly assigned to their individual treatment groups.

Collection of human saliva

Eight to ten healthy volunteers were recruited to pro-
vide human saliva for the study. Saliva samples were
collected from the volunteers each day of the study,
pooled and stored under refrigeration until use. All
required precautions were in place to ensure proper
handling of saliva from the point of collection to its
use in the study. Volunteers chewed paraffin wax,
expectorating any stimulated saliva generated into a
plastic collection vessel over a period that averaged 30–
40 minutes per volunteer per collection period. Saliva
was collected early in the morning from each volunteer
on the day of the study. Once completed, collection ves-
sels were pooled together, mixed and stored under
refrigeration at approximately 5 °C until use.

Specimen handling for treatment

The enamel blocks were exposed for 1 hour to
pooled, human saliva to form a pellicle layer. One set
of specimens was treated with the supernatant of a
1:3 slurry of the test dentifrice (Crest� Pro-Health,
containing 1,100 ppm F as SnF2; The Procter & Gam-
ble Company, Cincinnati, OH, USA): water or the
water control for 2 minutes, then rinsed with deion-
ised, distilled water. A second set of samples was trea-
ted in the same manner and then placed into saliva
for 6 hours. A third set was cycled through repeated
treatments (total = seven cycles), then set aside for
analyses, and a fourth set of samples was taken
through this series of seven treatment cycles and then
placed into saliva for 6 hours. A fifth set consisted of
pellicle-coated specimens rinsed with water and the
final set consisted of specimens left to soak in the
pooled, human saliva for an additional 6 hours after
development of the initial 1-hour pellicle.

Post-treatment specimen handling

After treatment, specimens were rinsed well in deio-
nised, distilled water (ddiH2O) and stored refrigerated
in a humid environment until analysis.

Specimen handling for analyses

Upon completion of the appropriate treatment(s), each
specimen was mounted (treated side face up) for
analysis (see Figure 1) using the following laser abla-
tion techniques:

• Stage assembly was purged for 10 minutes with a 1:1
UHP/Ar mixture to eliminate background carbon

• Surface analysis of specimens was done using laser
ablation ICP-MS. Tiled images in Figure 1 were
pieced together automatically with the New Wave
software; each tile represents a 790 9 590 lm field
of view, forming a 4 9 4 mm field of ablation (or
laser sampling)

• Ablation was carried out using New Wave (Mer-
chantek) UP-213 Nd:YAG LASER (New Wave,
Fremont, CA, USA)

• All measurements were performed on an Elan
9000DRCII ICP-MS (Perkin-Elmer, Waltham, MA,
USA) in normal, peak-hopping mode

• Masses monitored were 117Sn, 120Sn, 88Sr and13C,
with the average carbon intensity for each line serv-
ing as an internal standard to compensate for any
instrument drift

• Sr was monitored to confirm that the laser ablated
completely through the pellicle layer and into the
enamel surface

• The 4 9 4 mm area sampled was carried out on
the flattest portion of each tooth surface
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• Data transformation and image generation was
done using Matlab R2007a (Mathworks, Nantick,
MA, USA)

• Mass intensities were corrected using the average
13C intensity for each row as an internal standard
for all corresponding Sn data points in that row;
internal standard corrected intensities were then
mapped together for an image of the tooth surface.

Statistical methods

Statistical analyseswereperformedusingANOVA.All com-
parisonswereperformedat the0.05significance level.

RESULTS

Deposition of a barrier layer onto pellicle-coated
human enamel was demonstrated, with Sn (using iso-
topes 117Sn + 120Sn) measured on the pellicle coated
enamel surface as the reference marker. Results for
the SnF2 dentifrice treatment groups are presented

visually in Figure 2, where the level of deposition for
each of these groups can be assessed relative to the Sn
intensity scale that accompanies the figure. The metal-
rich barrier layer was detectable beginning with the
initial 2-minute treatment. Small but insignificant lev-
els of Sn were detected on enamel surfaces treated
with the water control and the water control followed
by a 6-hour saliva soak (treatment groups 5 and 6;
Table 1). These levels are within the error measure-
ment of the detector. Deposition of the Sn-containing
barrier layer (treatment groups 1 and 2) visually

Ablated area 

Surface of 
    Tooth 
Specimen 

Figure 1. Image of laser ablation sampling area on treated tooth surface.
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• rinse
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• rinse
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• repeat cycle six (6) addi onal mes
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Treatment 
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Figure 2. Dentifrice treatment results – Sn intensity levels after treatment and retention with the stabilised SnF2 dentifrice.

Table 1 Average Sn intensity levels measured on pelli-
cle-coated enamel surfaces

Treatment Average stannous intensity level

After treatment After 6 hours in saliva

Water control 167 185
One treatment 80,318 30,635
Seven treatments 103,330 79,845
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increased with additional treatment cycles (treatment
groups 3 and 4), and each data point was confirmed
by the quantified Sn measurements (Table 1, Figure 3)
which were determined by relative signal response.
Retention of this deposited layer was significant
(P = 0.05, ANOVA), even after 6 hours soaking in
pooled, human saliva following both the single treat-
ment with the SnF2 dentifrice slurry as well as after a
total of seven treatment cycles. At the 6-hour time-
point following the initial treatment, approximately
38% of the deposited material was found to remain
on the treated surface. After seven treatment cycles,
followed by the 6-hour saliva exposure, over 77% of
the deposited barrier layer was still detectable on the
pellicle-coated enamel surface. These data suggest that
increasing the number of treatments results in deposi-
tion of a more resilient barrier layer.

DISCUSSION

Saliva and pellicle both play key roles in the prevention
of dental erosion processes16,17. The natural flow of
saliva is increased in response to different stimuli, such
as visual or olfactory stimuli or to chewing. Increased
saliva flow not only enhances the buffering capacity
within the localised environment, it also assists in clear-
ing excess acids from exposed tooth surfaces during an
erosive challenge18. Deposition of the protein-based
pellicle layer forms on the surface of a tooth within
minutes after being either reduced in thickness by
toothbrushing or via removal during a professional
cleaning. Pellicle contains salivary mucins that provide
protection of tooth surfaces from acid demineralisa-
tion19. This natural, protective barrier is essential, as it
prevents direct contact between an acid and the tooth’s
natural surface. Abrasives used in dentifrice are
designed to reduce, though not completely remove, the
protective pellicle layer20. Thus, after brushing, an
immature pellicle layer is retained on the tooth that
continues to mature over time; a result of the constant
presence of saliva.
While a separate paper from our group focuses on

the mechanism of SnF2 deposition onto powdered

hydroxyapatite (HAP) surfaces from both aqueous
and dentifrice slurry treatments21, the present study
demonstrates mechanistically how the stabilised stan-
nous fluoride dentifrice provides protective benefits on
pellicle-coated, human enamel. This study measures
the ability of the SnF2-based barrier layer to incorpo-
rate into the outer protective pellicle matrix. The
method simulates conditions in the mouth during
actual product use, which makes it a valuable tool for
assessing mechanisms involved in product perfor-
mance. The 1-hour pellicle coating on the human
enamel specimens at the time of product treatment is
designed to simulate the pellicle layer that remains on
tooth surfaces just after brushing20. Constant bathing
in pooled, human saliva enables the maturation of the
pellicle over time. As used in this study, laser ablation
provides a direct measurement of the metal-rich bar-
rier layer that has been deposited onto the pellicle-
coated enamel surfaces from treatment with the stabi-
lised stannous fluoride dentifrice slurry (Figures 1 and
2). This dentifrice slurry was prepared at a dilution
that is commonly used in laboratory studies to simu-
late product use in vivo22. The ability to detect
increasing levels of this barrier layer over time, cou-
pled with the retention of the barrier layer at levels
well in excess of baseline demonstrates that the pro-
tective barrier incorporates into the protective pellicle
and remains on the treated tooth surface for many
hours after use of the product (Table 1, Figure 3).
While the current study was not, in itself, designed to
measure efficacy of the stannous fluoride dentifrice,
this benefit has been clearly demonstrated for the
same stabilised dentifrice in in vitro erosion cycling
models23,24, enamel solubility reduction modelling25

and in situ erosion clinical studies26,27. Unlike analyti-
cal methods that focus on measuring damage to
enamel surfaces after erosive challenges28, laser abla-
tion provides a mechanistic approach for understand-
ing conditions on the pellicle-coated, human enamel
surface after treatment with the stabilised SnF2 denti-
frice. This enables us to speculate that the enhanced
erosive acid protection provided by this type of for-
mulation in both laboratory and human in situ clini-
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Figure 3. Quantified levels of Sn deposition measured on pellicle-coated surfaces.
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cal trials23–27 is the result of both deposition and
retention of the active agent on treated tooth surfaces.

CONCLUSION

This study confirmed that: (1) the stabilised SnF2 den-
tifrice tested deposits a barrier layer onto the enamel
surface beginning with the first use of the product; (2)
this barrier is enhanced following multiple treatments;
and (3) the barrier layer is retained on the enamel sur-
face for hours after use of the product. Coupled with
in vitro and in situ demonstrations of enhanced pro-
tection against dietary acid challenges, these results
strongly suggest that SnF2 represents a unique mecha-
nistic approach for delivering protection against die-
tary, erosive acid challenges that can lead to
irreversible tooth surface loss.
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