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Comparison of new formulas of stannous fluoride
toothpastes with other commercially available fluoridated
toothpastes: A systematic review and meta-analysis of
randomised controlled trials
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Aim: The aim of this study was to systematically review and analyse the difference in efficacy of stannous fluoride tooth-
paste formulations in comparison to other fluoridated toothpastes without stannous fluoride. Materials and methods: A
systematic search of the literature was performed according to PRISMA guidelines. A search strategy was developed to
answer the study question and was performed in PubMed-Medline databases. Inclusion criteria were randomised con-
trolled clinical trials comparing stannous fluoride toothpaste formulations with other fluoridated toothpastes not contain-
ing stannous fluoride. Results: The search in PubMed-Medline databases resulted in 384 articles; 23 articles were
downloaded for review, 16 articles were included in the report and six could be used for meta-analysis. All studies were
randomised controlled clinical trials that compared clinical outcomes between toothpastes with stannous fluoride combi-
nations and toothpastes with only fluoride. The overall results of the 16 studies favoured the stannous fluoride formula-
tions. However, in a meta-analysis of the randomised controlled clinical trials, it was demonstrated that stannous
fluoride toothpaste formulations provided significantly better outcomes based on the Gingival Index (SMD —0.14, 95%
CI —0.20, —0.07, P = 0.0001), but not the Modified Gingival Index (SMD —0.30, 95% CI —0.7, 0.09, P = 0.13). Prac-
tical implications: The antibacterial properties of stannous seem to provide favourable results when formulated with a
fluoridated toothpaste. This systematic review highlights the lack of homogenous research available to rigorously com-
pare stannous fluoride toothpaste formulations with other fluoridated toothpastes without stannous fluoride.
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remineralisation of the enamel. As a result, it is a

INTRODUCTION . . . .
common and important ingredient found in tooth-

It is well established that dental plaque (biofilm) is the
main causes of the two most prominent dental diseases,
caries and periodontal disease'. These oral diseases bur-
den the population worldwide, and the association
reported between oral health and overall health is con-
tinuously growing?®. Fortunately, it is well understood
that if biofilm is removed frequently and effectively, the
occurrence of both periodontal disease and caries can
be reduced or eliminated™®. As a result, efforts are
invested into establishing new methods and improv-
ing current methods to make biofilm removal more
effective. This includes new toothbrush designs, and
new products to assist in oral disease prevention and
control.

One of these products is fluoridated toothpastes.
Fluoride decreases caries risk and can aid in
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pastes®. However, more than just a single formulation
of fluoride exists on the market. The fluoride compo-
nent of toothpastes may be stannous fluoride, amine
fluoride with stannous chloride, sodium fluoride,
sodium monofluorophosphate, etc.*. Different formu-
lations are being developed and researched in an
effort to achieve better outcomes for oral health.
Specifically, stannous fluoridated toothpaste combi-
nations ultimately have two effective ingredients.
Stannous itself has antibacterial properties, and fluo-
ride has anticavity properties. As a result, stannous
fluoride formulations are promoted to help the treat-
ment of gingivitis, erosion, hypersensitivity and oral
malodour in addition to the anticaries benefit of the
fluoride®. In consideration of the additional benefits
reported for stannous fluoride formulations, the
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purpose of this systematic review and meta-analysis
was to investigate the efficacy of stannous fluoridated
toothpastes compared with other fluoridated tooth-
pastes without stannous fluoride.

MATERIALS AND METHODS

This systematic review was conducted in accordance
with the Cochrane Handbook for Systematic Reviews
and Interventions and the Preferred Reporting Items
of Systematic Reviews and Meta-Analysis (PRISMA)
guidelines®’

Focused question

The format used to develop the focused question was
based on the PICO (population, intervention, compar-
ison and outcome) structure®. Using the PICO format,
the following question was used to guide the search
strategy: What are the effects of using new formula-
tions of stannous fluoride toothpaste compared with
other fluoridated toothpastes without stannous on
periodontal and caries parameters in the general pop-
ulation? The population was not restricted and
included all studies of the general population; the in-
tervention was stannous fluoride toothpaste formula-
tions; the comparison of interest was other fluoridated
toothpastes; and the outcomes included any periodon-
tal and caries parameters.

Eligibility criteria

The following inclusion criteria were utilised.

Randomised controlled trials examining patients
from the general population published from 2015
until March 2019. This date restriction was chosen
due to the rapid development of new toothpaste for-
mulations, and in order to include the recent formula-
tions available for stannous fluoride that were
introduced in recent years. Any age, gender and sever-
ity of oral health status and medical status were
included. Studies comparing stannous fluoride tooth-
paste formulations with at least one other fluoridated
toothpaste without stannous fluoride for daily oral
hygiene and reported outcomes related to oral health
such as, but not limited to: caries, plaque index, cal-
culus accumulation, gingival index, sensitivity and
malodour were included.

The following exclusion criteria were used.

Due to limited resources, an English language
restriction was placed. Studies that were not ran-
domised control trials were excluded as well as studies
that compared stannous fluoride with non-fluoridated
toothpastes.
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Search strategy

The National Library of Medicine, Washington DC
(MEDLINE-PubMed) was used to search for all
appropriate papers to answer the research question.
The search was conducted in March 2019 using the
following search strategy: (Toothpaste* or dentifrice)
AND (stannous) AND (fluoride). The purpose of this
search strategy was to ensure that all relevant papers
were included in the initial search results.

Screening and selection

Two reviewers (DC and LL) screened the titles and
abstracts for papers that met the eligibility criteria.
After screening, full-text articles were downloaded
and reviewed by both authors.

Assessment of heterogeneity and quality

The following variables were assessed for heterogene-
ity for each article: study design and methods; length
of the study; sample size; commercial funding; drop-
out rates; and subject demographics. Each included
study was assessed for quality using the Cochrane
Risk of Bias Tool, which evaluates studies based on
random allocation, random sequence generation,
examiner and participant blinding, incomplete out-
come data, selective reporting and other biases®

Data extraction

Data extraction was done using a data extraction
form that included study demographics, length of the
study, the intervention, the comparison, indices used,
main findings, and whether it was manufacturer
funded. If three or more studies assessed the same
outcome using the same methods, further numerical
data were extracted for meta-analysis.

Data analysis

For qualitative reporting of the included studies, a
table was used to communicate the main findings of
the included articles. In cases in which meta-analysis
was conducted, the random-effects model was chosen
and the RevMan 5.3 software was used.

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system was
used to rank the evidence®. The quality of the evi-
dence, strength and direction of the recommendations
were rated according to the following aspects: risk of
bias; consistency of results; directness of evidence;
precision and publication bias; and magnitude of the
effect.
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RESULTS

Search and selection results

The search in MEDLINE-PubMed resulted in 384
articles. After screening titles and abstracts for appli-
cability, 23 articles were downloaded for review (Fig-
ure 1). Using the eligibility criteria, a total of 16
studies were included for qualitative analysis’ >*. Out
of the included studies, six could be used for meta-

analysis. Reasons for exclusion of full-text studies are
provided in Table 1%*731,

Study characteristics and heterogeneity

All of the included studies were randomised controlled
clinical trials that compared oral health outcomes of a
stannous fluoride toothpaste formulation in compar-
ison to another fluoridated non-stannous fluoride
toothpaste. The specific characteristics for each study
are detailed in Table 2. The duration of the studies
ranged between 2 and 24 weeks. Much of the hetero-
geneity amongst the included studies came from the
reported outcomes and how they were measured.
Studies evaluated different oral health outcomes using
different methods. Examples of this included assessing
plaque via plaque indices, digital plaque imaging

Table 1 Reasons for exclusion of full-text studies

Study Reason for exclusion

Feng, 2016%*
Jongsma,
2015%°
Mason, 2017*°  Did not compare stannous fluoride
Millerr21371n, Did not compare stannous fluoride
2016
Sagel, 20188
West, 2018%°
Zini, 20183°

Comparison included a rinse
Comparison included a rinse

Review article

In situ study

There was not a true control to assess only
toothpaste

analysis and bacterial community levels, as well as
assessing gingival inflammation using gingival indices,
bleeding points and pocket depth.

Quality assessment

Most of the included studies had a low or unclear risk
of bias based on the application of the Cochrane Risk
of Bias tool (Figure 2). Only two studies had high risk
of bias in the category of participant blinding. These
studies were not included in the meta-analysis. Over-
all, there was an unclear risk of bias labelled for all
studies under incomplete outcome data. For the
majority of the studies, however, it was unclear or
low risk of bias regarding random sequence
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Figure 1. PRISMA flow chart.
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Figure 2. Risk of bias summary.

generation, allocation concealment and blinding of
outcome assessment. It is important to note that all
studies were manufacturer funded. Because there were
no major differences in the quality of the studies, the
results of all of the studies were included in Table 2.

Study outcome results

Overall, 16 studies compared the use of a stannous
fluoride toothpaste formulation with a fluoridated
toothpaste without stannous fluoride. Despite the
large number of studies, there was great variability in
the reporting outcomes and toothpaste formulations.

None of the studies that fulfilled the inclusion crite-
ria were found to assess caries indices as an outcome
variable.

A total of six studies assessed plaque using a variety
of indices, including: plaque index, digital plaque

© 2020 FDI World Dental Federation

imaging analysis, bacterial reduction, and the Rustogi
Modified Navy Plaque index (RMNPI). All six studies
that assessed plaque found that the use of stannous
fluoride toothpaste formulations had better outcomes
than fluoridated toothpastes without stannous fluo-
ride. However, each study used different indices to
reach their conclusions, and thus a meta-analysis was
not attempted”!%13:18:2021 Two studies assessed bio-
film based on bacterial reduction and, although Har-
aszthy et al. found a significant bacterial reduction
with the stannous fluoride formulation used in their
study, Hagenfield et al. did not find a significant dif-
ference in microbial composition between the two flu-
oride formulations used in their study'®'’. Other
outcomes that were included amongst the 16 studies
were sensitivity, calculus accumulation, bleeding and
malodour, along with several others. The specific
details are outlined in Table 2.
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There were six studies that were used for meta-
analysis™!1-13:17:22:23 " A] six studies included gingival
inflammation as an outcome variable. Three studies
assessed gingival inflammation using the gingival
index (GI), and the other three studies used the modi-
fied gingival index (MGI). The outcome for the MGI
meta-analysis was that there was no significant differ-
ence between stannous fluoride formulations in com-
parison to other fluoridated toothpastes (SMD —0.30,
95% CI -0.7, 0.09, P = 0.13; Figure 3). However,
based on the GIs, the meta-analysis showed statisti-
cally significantly better outcomes for the stannous
fluoride formulations (SMD -0.14, 95% CI —0.20,
—0.07, P = 0.0001; Figure 4).

Evidence profile

The GRADE evidence profile is detailed in Table 3.
All of the included studies for each outcome were ran-
domised controlled trials. Thus, each outcome started
at the highest levels of evidence. Reasons for down-
grading included: unclear or high risk of bias assess-
ments, publication bias, and magnitude of effect
based on clinical significance. Publication bias was
present in the outcome comparisons and because the
studies were manufacturer-funded. Overall, there is
inconsistent evidence supporting the advantage of
stannous fluoride toothpaste formulations on gingival
inflammation compared with non-stannous fluoride
toothpastes.

DISCUSSION

The antibacterial properties of stannous may benefit
the oral health of an individual when formulated with
fluoride toothpastes. Several studies compare the use
of stannous fluoride formulations with other fluori-

favourable results regarding plaque accumulation,
bleeding indices and calculus accumulation along with
many other parameters (Table 2). Gingival inflamma-
tion was also a common outcome assessed amongst
the studies; however, only three studies used the GI to
assess inflammation, while three studies used the
MGI, and several other studies used different indices.
Thus, meta-analysis was only attempted on these data,
and the results showed that stannous fluoride tooth-
paste formulations had favourable outcomes when
measured via the GI, but there were no statistically
significant differences when measured via the MGI.

The GI was developed by Loe and Sillness in 1963,
and scored the gingival tissues from 0 to 3, where 0
meant normal, 1 meant mild inflammation, 2 meant
moderate inflaimmation, and 3 meant severe inflam-
mation®>33, Later, in 1963, changes to the GI led to
the MGI where the scoring became more detailed and
mild inflammation was expanded to include the extent
of inflammation®*?3. The MGI then was scored as 0
being absent of inflammation, 1 being mild inflamma-
tion where not all of the gingiva is involved, 2 mild
inflammation in all portions of the gingiva, 3 being
moderate inflammation, and 4 being severe inflamma-
tion®>?3. The difference in indices in combination
with the different toothpaste formulations may have
led to the contradictory outcomes of the present
meta-analysis.

Nonetheless, toothpastes are only one part of good
oral hygiene. Although toothpastes are beneficial in
the prevention of caries, treatment of dentinal hyper-
sensitivity as well as other benefits, other tools are
necessary to provide the mechanical removal of the
biofilm®*3%, The most common tools used for this
mechanical removal are toothbrushes and interproxi-
mal cleaning aids. Manual toothbrushes and power
toothbrushes are available to patients, with two recent

dated non-stannous toothpastes and demonstrate systematic reviews highlighting that oscillating
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean Difference  SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
He (2017);28 (Spec Iss B):B12-16) -0.08 0.02 100 100 34.9% -0.08[-0.12,-0.04] -
Parkinson (2018);31:17-21 -0.15 0.03 49 49 30.2% -0.15[-0.21,-0.09] —
Parkinson (2018);31:81-85 -0.18 0.02 199 199 34.9% -0.18[-0.22,-0.14] =
Total (95% CI) 348 348 100.0% -0.14[-0.20, -0.07] -

Heterogeneity: 7* = 0.00; x* = 12.86, df = 2 (P = 0.002); 1> = 84%
Test for overall effect: Z = 4.06 (P < 0.0001)

02 -01 0 01 02
Favours [experimental] Favours [control]

Figure 3. Modified gingival index (MGI) forest plot.

Experimental Control

Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hu (2019) -0.55 0.04 49 49 332% -0.55[-0.63,-0.47] —®—
Lorenz (2019) 0.06 0.02 121 119  33.5% 0.06 [0.02, 0.10] -
Seriwatanachai (2019) -0.42 0.03 45 45 33.4% -0.42[-0.48,-0.36] —
Total (95% Cl) 215 213 100.0%  -0.30 [-0.70, 0.09] s ——
e 2= N - .12 = 999 t t } t
Heterogeneity: v =0.12; x* = 291.10, df = 2 (P < 0.00001); /> = 99% 05 025 0 055 05

Test for overall effect: Z=1.50 (P = 0.13)

Favours [experimental] Favours [control]

Figure 4. Gingival index (GI) forest plot.
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Table 3 GRADE evidence profile for each outcome
based on the meta-analysis data

Grade Gingival Gingival
inflammation (MGI) inflammation (GI)

Study design RCT RCT

Studies no. 3 3

Comparisons no. 1 1

Risk of bias Unclear-low Unclear-low

Consistency Inconsistent Consistent

Directness Direct Direct

Precision Rather precise Rather precise

Publication bias Yes Yes

Level of certainty Moderate Moderate

Magnitude of the effect No difference Some difference
Direction of the There is some inconsistent evidence that
recommendation stannous fluoride toothpaste
formulations positively influence gingival
inflammation

GI, gingival index; MGI, modified gingival index; RCT, randomised
controlled trial.

rotating power toothbrushes may be more effective
than other power toothbrushes®®”. Several interden-
tal cleaning aids also exist, such as floss, wooden
toothpicks and interproximal brushes®®. It is impor-
tant to recognise that the conclusion from a recent lit-
erature review was that floss did not have the best
outcomes for interproximal cleaning, while the use of
a wooden toothpick with intense oral hygiene instruc-
tions provided better outcomes®®. Because poor oral
hygiene is an important primary risk factor for most
common dental diseases, taking the time to modify
this risk factor with patients is critical®”. Frequently
repeated oral hygiene instructions are key in prescrib-
ing the correct oral hygiene tools to the patient, which
include a minimum of a toothbrush, toothpaste and
interdental cleaning aid.

It is noteworthy that the exact formulations of stan-
nous fluoride toothpastes are not detailed in published
manuscripts and, thus, it is difficult to group different
stannous fluoride formulations. The available stan-
nous fluoride toothpastes that were included in this
study vary in formulation and in product usage,
which adds heterogeneity to both the meta-analysis
and entire results section. Furthermore, for this
review, Medline-PubMed was the only database used,
and it is possible that some trials were not included.
It is noteworthy though that although the search does
not appear complicated or sophisticated, the few text
words that were used were chosen over a more com-
plex search strategy with MESH terms to ensure all
articles in the database containing those words were
included*. It was assumed that the broad nature of
the terms used in this specific search would allow for
a comprehensive search in Medline-PubMed. Another
important note is the difference between statistical sig-
nificance and clinical relevance. Although results in
the literature may be statistically significant and based

© 2020 FDI World Dental Federation

on well-conducted studies, it is crucial that clinicians
understand that statistical significance does not always
correspond with clinical significance and interpret the
results critically prior to using them to inform practice
decision-making.

CONCLUSION

There is some evidence to suggest that stannous fluo-
ride toothpaste formulations may have more favour-
able oral health outcomes than toothpastes without
stannous fluoride. However, there are insufficient
homogenous studies to allow for a larger meta-analy-
sis to be conducted and for stronger conclusions to be
drawn.
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