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Reduction in erosive tooth wear
using stannous fluoride-containing
dentifrices: a meta-analysis

Abstract: Dentifrices containing different active agents may be helpful
to allow rehardening and to increase the resistance of the eroded
surface to further acids or mechanical impacts. This study aimed
to compare the effects of conventional (sodium fluoride [NaF]) and
stannous fluoride (SnF,)-containing dentifrices on reducing erosive
tooth wear (ETW). The PubMed/MEDLINE, Scopus, LILACS, BBO,
EMBASE, TRIP electronic databases, and grey literature were searched
until January 2021 to retrieve relevant in vitro and in situ studies related
to research question. There were no restrictions on publication year or
language. Two authors independently selected the studies, extracted
the data, and assessed the risk of bias. ETW data were pooled to
calculate and compare both dentifrices (overall analysis) and in vitro
and in situ studies separately (subgroup analysis). Statistical analyses
were performed using RevMan5.3 with a random effects model. Of 820
potentially eligible studies, 101 were selected for full-text analysis, and
8 were included in the systematic review and meta-analysis. There was
a significant difference between SnF,-containing dentifrices and NaF
dentifrices only for in vitro studies (p=0.04), showing a higher effect of
the SnF,-containing dentifrices against the erosion/abrasion (effect size:
-6.80 95%CI: -13.42; -0.19). Most in vitro and in situ studies had high and
low risk of bias, respectively. In vitro literature suggests that the ETW
reduction is greater when using SnF,-containing dentifrices instead
NaF-containing dentifrices. However, the evidence level is insufficient
for definitive conclusions. Clinical trials are necessary for a better
understanding of the effect of these compounds on ETW.

Keywords: Tooth Erosion; Tooth Abrasion; Tin Fluorides; Fluoride
Dentifrices; Systematic Review.

Introduction

Dental erosion is the chemical loss of mineralized tooth substance
caused by the exposure to acid not derived from oral bacteria.! Erosive
demineralization is accompanied by softening of the tooth surfaces, resulting
in increased susceptibility to abrasion, especially immediately after an
erosive challenge.>® Dentifrices containing different active agents may
be helpful in facilitating re-hardening or in increasing surface resistance
to further acidic or mechanical insults.*
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The main active ingredient found in dentifrices is
fluoride. It is believed that the mechanism of action
of fluoride against erosion occurs by inducing the
formation of a layer on the eroded surface composed
of CaF, (in the case of conventional compounds,
such as sodium fluoride - NaF or amine fluoride -
AmF) or of metal-rich surface precipitates (in the
case of stannous fluoride - SnF,). After application
of SnF,, Sn is not only established onto but also
incorporated into the enamel and dentin, which
can lead to increased fluoride uptake and higher
resistance to acids.’ Thus, these formulations are
currently more promising compared to conventional
fluorides. It is believed that the effect of SnF,-
containing formulations is more strongly associated
with reduction in the enamel surface loss than with
re-hardening of softened enamel.®

To the best of our knowledge, none clinical trial
evaluated the protective effect of SnF,-containing
dentifrices against erosion/abrasion. In this sense,
clinicians are taken to rely on their clinical experience
and on data from in vitro”™ and in situ'*" studies
for decision-making. Most laboratory studies”™
compared the helpful effects of use of SnF,-containing
dentifrices formulated with and without NaF with
NaF-containing dentifrices on erosive wear. Pooled
data of laboratory studies may determine the potential
for clinical applicability of the fluoridated dentifrices
against initial enamel erosion and abrasion.

Therefore, this study aimed systematically
review the literature to investigate the effect of
SnF,-containing dentifrices formulated with and
without NaF in the reduction of erosive tooth wear
compared with NaF-containing dentifrices.

Methodology

This study was reported according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement.”®

Research Question

The following research question was formulated to
address the literature and outline the search strategy:
“Are SnF,-containing dentifrices formulated with and
without NaF more effective in reducing erosive tooth
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wear in primary or permanent dentition compared
to NaF-containing dentifrices?”

Population: erosive tooth wear in the primary or
permanent dentition

Intervention: SnF,-containing dentifrices
formulated with and without NaF

Comparison: NaF-containing dentifrices

Outcome: reduction of erosive tooth wear

Study design: laboratory studies (in vitro or in situ).

Search strategy

A comprehensive literature search of the PubMed/
MEDLINE, Scopus, LILACS, BBO and EMBASE
databases was performed. Turning Research Into
Practice (TRIP) database was used as an additional
source of information. The grey literature was also
explored using the database System for Information
on Grey Literature in Europe (OpenGrey) and Google
Scholar. The last search for potentially eligible studies
was performed in January 2021. The subject search
used a combination of controlled vocabulary and text
words based on the search strategy for the PubMed/
MEDLINE database as follows:

(O Tooth, Deciduous[MeSH
Terms]) OR tooth, deciduous) OR deciduous tooth)
OR Dentition*, deciduous) OR deciduous Dentition*)
OR Dentition* , primary) OR primary Dentition*)
OR primary teeth) OR primary tooth) OR teeth,
deciduous) OR deciduous teeth) OR teeth, primary)
OR tooth, primary) OR primary tooth) OR Dentition,
Permanent[MeSH Terms]) OR dentition, permanent)
OR permanent dentition) OR dentition, secondary)
OR secondary dentition) OR dentition, adult) OR adult
dentition) AND Tooth Wear[MeSH Terms]) OR tooth
Wear*) OR Wear*, tooth) OR dental Wear*) OR Wear*
, dental) OR Tooth Erosion[MeSH Terms]) OR tooth
Erosion*) OR Erosion* , tooth) OR dental Erosion®)
OR erosive tooth wear)) AND (((((((((CC((((((((((Tin
Fluorides[MeSH Terms]) OR Fluoride*, Tin) OR Tin
Fluoride*) OR Tin Difluoride*) OR Difluoride* , Tin)
OR stannous Fluoride*) OR Fluoride* , stannous)
OR cav-x) OR Floran*) OR Tin Tetrafluoride*) OR
Tetrafluoride*, Tin) OR stannic Fluoride*) OR Fluoride*
, stannic) OR gel-kam) OR gel-tin) OR omni i gel)
OR omni med) OR Stanimax*) OR Fluoristan*) OR
stannous fluoride) OR stannous)) AND ((Bodium
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Fluoride[MeSH Terms]) OR sodium Fluoride*) OR
Fluoride* , sodium) OR Zymafluor*) OR Fluoristat*)
OR Ossin*) OR Calcium Fluoride[MeSH Terms]) OR
calcium fluoride) OR fluoride, calcium) OR fluoride
toothpaste) OR fluoride dentifrice)

A sensitive search strategy was adapted for the
other databases. The results of searching the various
sources were cross-checked to identify and eliminate
duplicates. There were no restrictions on publication
year or language.

Selection and the inclusion and exclusion
criteria

The titles and abstracts of all retrieved studies
were carefully assessed by two independent reviewers
(B.S.S. and G.A.T.), who were previously trained
and calibrated for study selection (Kappa = 0.95).
The studies were considered eligible if they were
laboratory studies that evaluated the effect of SnF,-
containing dentifrices in the reduction of erosive
tooth wear. The initial screening of titles and abstracts
was performed using a standardized spreadsheet
(Excel, Microsoft Corporation, Redmond, WA, USA).
The references of all selected studies were manually
searched for additional relevant studies that could
fulfill the inclusion criteria.

The full texts of all studies that fulfilled the
inclusion criteria for eligibility were then reviewed
independently by the same reviewers. The exclusion
criteria were: did not use a NaF-containing dentifrice
as control; did not evaluate erosive tooth wear as
outcome; did not use profilometry to measure surface
loss; associated other erosion-preventive agent(s) to
the use of dentifrice; did not use human or bovine
teeth; and did not associate abrasion with erosion.
Any disagreements regarding eligibility criteria were
resolved by discussion with a third reviewer (L.T.M),
and consensus was reached.

Data extraction

Data extraction was performed using a standardized
spreadsheet (Excel, Microsoft Corporation, Redmond,
WA, USA). For each study, the following data were
systematically extracted: publication details (authors,
country, and year); study methodology (study design,
in vitro or in situ, sample size, erosion/abrasion cycles,

composition, brand commercial and manufacturer of
the dentifrices, and profilometry test); and outcome
information (means and standard deviations of tissue
loss values and percentage of surface loss).

Risk of bias assessment

Some authors independently evaluated the risk of
bias based on and adapted from previous systematic
reviews of in vitro' and in situ' studies. The following
parameters were considered for in vitro studies:
randomization of specimens; description of sample size
calculation; and blinding of the operator of the testing
machine and previous measurement of the enamel
surface. For in situ studies, the parameters evaluated
included: randomization of participants; description of
sample size calculation; participant blinding; evaluator
blinding; and previous measurements of the enamel
surface. If the authors reported the parameter, the
article received a “yes” for that specific parameter;
if this information was not available or reported,
the article received a “no.” Articles that reported 1
or 2 items were classified as having a high risk of
bias, 3 as medium risk, and 4 (in vitro studies) or 4-5
(in situ studies) as low risk. Disagreements between
the reviewers regarding the classification of risk of
bias were resolved by consensus.

Data analyses

For meta-analyses, pooled effect estimates were
obtained by comparing means of tissue surface loss
and respective standard deviations for SnF,-containing
dentifrices, associated or not associated with NaF,
versus NaF-containing dentifrices, irrespective of the
study design, as well as considering subgroups (i.e.,
in vitro and in situ studies), separately. For studies that
evaluated more than one dentifrice with the same
concentration fluoride, the values were extracted and
1 mean was calculated using a formula according
to the Cochrane Statistical Guidelines' to obtain
a single sample size and the mean and standard
deviation values for both groups. In the selected
studies, only data of interest were extracted and
analyzed in the meta-analysis. Statistical differences
between groups were calculated using RevMan
version 5.3 (Review Manager, Cochrane Collaboration,
Copenhagen, Denmark, 2014) using a random effect
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model. Differences with p < 0.05 were considered to be
statistically significant (Z test). Statistical heterogeneity
among the studies was assessed using the Cochran’s
Q test and inconsistency (I?).

Results

Search and selection

Figure 1 depicts a flowchart summarizing
the selection process for studies according to the
PRISMA statement.”® The search strategy identified
820 potentially relevant records excluding duplicates.
The first screening resulted in 101 studies remained
for full-text reading. Finally, 8 papers were included
in the systematic review and meta-analysis.

Characteristics of the included studies

A brief description of the data extracted from the
included studies is described in Table 1. The articles
were published between 2011 and 2019. Thirteen
commercially available dentifrices were used, and
two consisted of SnF, and NaF in the composition,
namely Pro-Expert Enamel protection (SnF, 1100
parts per million [ppm] F + NaF 350 ppm F; Oral

|dentification

Screening

Eligibility

Included

B, Proctor & Gamble; P&G) and Pro-Health (SnF,
1100 ppm F + NaF 350 ppm F, Oral B). Considering
the NaF-containing dentifrices, Crest (NaF 1,500 ppm
F, P&G) was the most tested. Crest ProHealth™ (SnF,
1,100 ppm E, P&G) was the SnF,-containing dentifrice
more frequently evaluated in the included studies, and
three studies’*" used SnF,-containing gel (GelKam
SnF, 970 ppm; Colgate Oral Pharmaceuticals). Included
studies also evaluated dentifrices containing AmF/
SnF,"®* AmF/NaF/SnCl, (stannous chloride),”® NaF/
SnCl,/ TiF, (titanium fluoride) or TiF,/NaF.?

There was wide variability in the protocols
used to simulate erosion/abrasion. The majority of
studies”™® used citric acid solution; however, there
was no consensus regarding acid concentrations, pH
values, induction time, and mode of agitation of the
solution. Moreover, the samples were brushed using
an automated brushing machine in all in vitro™
studies. The brushing protocols varied considerately
in the in situ studies. Two studies'>* applied manual
brushing of the lingual surface of the teeth for 30 s,
associated with mouthwash for 90 s twice per day,
and one study®used a slurry dentifrice immersion
brushing protocol associated with a brushing machine.

Figure 1. Flowchart diagram of study selection according to PRISMA statement.
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Risk of bias

Of the 5 in vitro studies included in the present
review, 4 papers®*'!! were scored as high risk of bias
and one study’ as low risk of bias (Table 2). The item
that received “no” most frequently was the blinding
of the operator of the testing machine, and only 2
studies” reported the sample size calculation. Of the
3 in situ studies included, 2 papers'®'* were scored as
low risk of biasand one study' as medium (Table 3).

All studies reported the sample randomization,
and only one study'?did not report enamel surface
measurement before erosion induction.

Data analyses

The results of the meta-analysis comparing the
reduction of erosive tooth wear by SnF,-containing
dentifrices versus NaF-containing dentifrices are
shown in Figure 2. In the subgroup analysis, there

Table 2. Assessment of the risk of bias of included risk of bias studies in the systematic review.

Study Random Sample size Blinding Measurement of enamel surface Bias risk
Assuncéo et al., 20197 Yes Yes Yes Yes Low
Comar et al., 20128 Yes No No Yes High
Ganss et al., 2011 No No No No High
Ganss et al., 2012° No No No No High
Schlueter et al., 2016'° No Yes No Yes High

Random: randomization of specimens; sample size: description of sample size calculation; blinding: blinding of the operator of the testing
machine; measurement of enamel surface: prior measurement of enamel surface.

Table 3. Assessment of the risk of bias of included studies in the systematic review.

Sl Rondom  Somplesize S v ofanomelootiors Bk
Bellamy et al., 20142 Yes Yes No Yes No Medium
Huysmans et al., 20113 Yes No Yes Yes Yes Low
Zhao et al., 2017 Yes No Yes Yes Yes Low

Random: randomization of participants; sample size: description of sample size calculation; blinding: blinding of the participants and evaluator;
measurement of enamel surface: prior measurement of enamel surface.

SnF2 NaF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 in vitro studies
Assungdoetal, 2019 171 22 17 148 28 17 146% 230061, 3.99] [
Comaretal, 2012 28 11 12 29 07 12 148% -0.10 [F0.84, 0.64] "
Ganssetal, 2011 63 21 18 2058 52 90 14.7% -14.20[15.65,-12.749] -
Gansg etal, 2012 46 1.9 15 148 24 30 14.7%  -10.20[-11.61,-8.79] b
Schlueteretal, 2016 a4 72 180 173 122 160 145% -11.90[F1410,-9.70] -
Subtotal (95% CI) 222 309 731%  -6.80[-13.42,-0.19] B

Heterogeneity: Tau®= 56.25; Chi*= 474,79, df= 4 (P = 0.00001); F= 99%
Testfor overall effect 2= 2.02 {P=0.04

1.1.2 in situ studies

Huysmans etal., 2011 gg 74 24 25 449 24 139% 630 [2.48, 1002 —

Zhaoetal, 2017 91 138 48 125 1348 48 13.0% -340 892 212] —

Subtotal (95% CI) 72 72 26.9% 1.67 [-7.82, 11.17] -eETER

Heterogeneity: Tau®= 41.28; Chi*= 816, df=1 {F=0.004); F= 88%

Testfor overall effect Z=035{FP=0.73)

Total (95% Cl) 294 381 100.0% -4.54 [-10.18, 1.10] <

Heterogeneity: Tau®= 5593, Chi*= 504.07, df= 6 (P = 0.00001), F= 99% 1_50 _215 b 215 50‘

Test for overall effect: Z=158(F=0.11)

A - Favours [SnF2] Favours [MaF]
Test for subaroup differences: Chi*= 2.06, df=1 {P=015), F=51.5%

Figure 2. Summary findings of the meta-analyses comparing the use of SnF,-containing dentifricesversus NaF-containing dentifrices.
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was a significant difference between dentifrices
for in vitro studies (p = 0.04), showing evidence
of a higher reduction of erosive tooth wear when
using SnF,-containing dentifrices (effect size: -6.80
95%Cl: -13.42; -0.19). However, global analysis revealed
that there was no significant difference between
dentifrices (p = 0.11). The heterogeneity found was
high (I2 = 99%).

Figure 3 summarizes the results of the meta-
analysis comparing reduction of erosive tooth
wear by SnF,/NaF-containing dentifrices versus
NaF-containing dentifrices. No difference was
found between the groups (p = 0.12), irrespective
of the study design (in vitro studies, p = 0.10; in situ
studies: p = 0.59). The heterogeneity found was also
high (I2 = 88%).

Discussion

There are several products available in the market
that claim better erosive tooth wear protection.
This is the first systematic review designed to
determine whether SnF,-containing dentifrices
are more effective in the reduction of erosive tooth
wear compared with NaF-containing dentifrices.
Profilometry is the method most used for surface
loss assessment in laboratory studies. This method
quantifies the loss of dental tissue in relation to a

non-treated reference area in teeth subjected to
erosive wear®”. It is important to highlight that none
dentifrice was capable of inhibiting erosive tooth
wear. Nevertheless, meta-analyses results showed
that there was a significant difference between SnF,-
containing dentifrices and NaF-containing dentifrices
only for in vitro studies (p = 0.04), showing a higher
effect of the SnF,-containing dentifrices against the
erosion/abrasion (effect size: -6.80 95%CI: -13.42;
-0.19). This effect was not observed in situ studies,
and it may be associated to smallest number of
selected studies in relation to in vitro studies. The
Sn-containing salts form a more resistant layer on the
enamel surface,'” and it can interact with the salivary
pellicle,® or be incorporated into the demineralized
enamel surface,’ reducing the tooth wear provoked
by the synergic effect of erosion and abrasion.

It has been suggested that surface precipitation
of CaF, plus the metallic layers make it more
resistant not only to abrasion but also to further
erosive insults”. Despite the absence of statistical
differences, a higher mean difference (effect size,
-2.84 95%CI: -6.45; 0.76]) in the surface loss was
found when NaF-containing dentifrices and SnF,/
NaF-containing dentifrices compared, favoring
the latter. The effect of the underlying quality
of evidence of the findings must be emphasized.
Only a small number of studies were included,

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

NaF + SnF2 NaF
Study or Subgroup Mean SD Total Mean SD Total Weight
2.1.1 in situ studies
Eellarmy etal., 2014 211 4 155 71 4 1249%
Huysmans etal., 2011 6.2 46 24 25 44 24 21.6%
Subtotal (95% CI) 28 28  34.5%

Heterogeneity: Tau*=140.31; Chi*=19.45, df=1 (P = 0.0001});, F=958%
Testfor overall effect 2= 053 (F = 0.59)

2.1.2 in vitro studies

Comaretal, 2012 1.7 07 12 29 07 12 251%
Ganss etal, 2011 192 42 18 205 42 90 18.4%
Schlueteretal, 2016 111 133 160 173 122 160 220%
Subtotal (95% CI) 190 262  65.5%

Heterogeneity: Tau®= 7.41; Chi*=11.81, df= 2 (F = 0.003), F= 83%
Testfor overall effect: Z=1.63 (P = 0.10)

Total (95% CI) 218
Heterogeneity: Tau®=13.39; Chi*= 3428 df= 4 (P = 0.00001); F=88%
Testfor overall effect Z=154{FP=012)

Testfor subgroup differences: Chi*=0.04, df=1 (P =0.85), F=0%

290 100.0%

-13.50 [-20.54, -6.46] —
3.70[0.72, 6.68] =

4,59 [-21.44, 12.25] T

-1.20 [-1.76, -0.64] u
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Figure 3. Summary findings of the meta-analyses comparing the use of SnF,/NaF-containing dentifrices versus NaF-containing dentifrices.
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and there was no consensus regarding with the
erosion/abrasion protocol and dentifrices tested.

Although citric acid was used in most studies, there
was wide variability regarding acid concentrations,
pH values, induction time, and mode of agitation of the
solution. Itis known that changing the acid immersion
movement from a water bath (smooth movement of
the acid) to a shaker plate (jerky movement) increases
enamel surface loss.” It could be expected that
toothbrushing would produce greater tissue loss in
studies that used more concentrated citric acid and
performed more dynamic movement conditions."

It is important to bear in mind that other factors
such as pH, consistency and abrasivity?' may modulate
the effect of fluoride dentifrices on dental erosion
and abrasion. Due to acid contact, the tooth surface
softens and becomes more prone to abrasion from
toothbrushing?®, especially immediately after an
erosive challenge. In all selected studies, irrespective
of the study design, acid exposure was immediately
followed by an abrasion protocol. In attempts to
optimize the preventive effect of the dentifrices,
clinically, patients could increase waiting periods
before brushing® or could brush their teeth before
rather than after an erosive attack.” In addition, three
studies®®!"! included in this review used SnF, gel,
which did not contain abrasives in the formulation.
A lower tooth surface loss was observed in these
studies. Thus, evidence available so far suggests
that SnF,-containing dentifrice gel seems be to the
best option for reducing the harmful effects of the
erosion and abrasion.

High heterogeneity seems to be almost unavoidable
in laboratory studies, considering the methodological
variability among them. The heterogeneity could
have also occurred because small number of studies
found. Moreover, they presented, in their majority,
a small number of samples, and consequently high
standard deviations, and a high number of covariables,
favoring the heterogeneity. For statistical purposes,
the fixed- and random-effect models were performed.
Despite the small number of the included studies,” the
random effect was chosen based on the generalization
inference, the intrinsic heterogeneity among studies,
and assuming that each study estimates a different
underlying true effect.
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To date, there is no standard and validated tool
to assess the methodological quality of the in vitro
and in situ studies. Thus, the risk of bias evaluation
was based on and adapted from previous studies.'*'”
Furthermore, inclusion and exclusion criteria were
strictly defined as a way to avoid bias. Lack of clear
information regarding sample size calculation,
randomization, and blinding of the operator of the
test machine was found in vitro studies. By contrast,
randomization of participants and blinding of
the participants and the evaluator(s) were aspects
reported by all in situ studies included. Further studies
should improve the conducting and reporting of
laboratory testing using research reporting guidelines
checklist in order to promote quality and transparency
of evidence. It is likely that the results may have
been influenced by publication bias, once negative
results were probably not published or published in
low-impact factor journals. Nonetheless, this aspect
is present in all studies, not only laboratory studies.
A broad search was used to try to overcome this
problem, including grey literature.?® All included
studies were performed in permanent teeth. One
study’ evaluated the effect of dentifrices on surface
loss permanent and primary teeth, but only data
obtained in permanent teeth were considered. Since
primary and permanent teeth present differences
in enamel microstructure and composition,* the
results cannot be extrapolated to primary dentition.
Moreover, only one study® used bovine teeth.
A sensitivity analysis was performed, and the
removal of this study from the meta-analysis did not
reduce the heterogeneity. Due to limited number of
studies, this paper was retained in the analyses. The
use of bovine teeth has been suggested as substitutes
of human teeth in laboratory studies because the
similarity on chemical composition, almost calcium
and phosphorus content,” enamel thickness,?® and
comparable acid resistance® between bovine and
human teeth.

The evaluation of products designed to treat
clinically important oral care problems, such as
dental erosion, is usually carried out using studies
that come as closely as possible to the condition of
interest. In vitro studies are the initial step in the
evaluating products designed to help prevent or even
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reverse this condition. However, the findings cannot
be extrapolated directly to the clinical conditions. Once
demonstrated effective, the products can progress
to more realistic modeling, such as in situ studies
which models are used with minimal controlled
exposure of teeth to common dietary acids to predict
the potential efficacy of oral care products against
erosive tooth wear. Clinical trials are necessary for
a better understanding of the complex interaction of
active ingredients and abrasives and their effects on
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erosive tooth wear, improving the evidence weak for
clinical decision-making.
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