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Novel findings on anti-plaque effects of stannous fluoride
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ABSTRACT: Purpose: To evaluate the antiplaque effects for 0.454% bioavailable gluconate chelated stannous fluoride
(SnF») dentifrices versus controls by clinical model, plaque index, tooth surface and tooth type in a pooled analysis.
Methods: Randomized controlled trials (RCTs) were conducted to evaluate plaque effects of SnF, dentifrices from the
same formulation family over the past 30 years. Forty-four 4-day and longer-term (> 2 weeks) RCTs conducted in six
countries with 3,336 subjects using Turesky Modified Quigley-Hein Plaque Index, Rustogi Modification of the Navy
Plaque Index, Digital Plaque Imaging Analysis, and Silness and Loe Plaque Index were included. Results: In 13 and 11
longer-term studies assessing SnF, dentifrice versus a negative or positive control, respectively, standardized
differences in average plaque score of -1.15 (95% CI: -1.61, -0.69) and -0.74 (95% CI: -1.20, -0.28) were observed (P <
0.011), favoring SnF,. Reductions represented a 19% and 16% benefit versus the negative and positive control,
respectively. In 18 and five 4-day studies assessing SnF, dentifrice versus a negative (NaF/SMFP) or positive
(triclosan/chlorhexidine) control, respectively, differences in average 4-day plaque score of -0.27 (95% CI: -0.31, -0.23)
and -0.15 (95% CI: -0.25, -0.06) were observed (P< 0.001) favoring SnF,. Reductions represented a 14% and 11% benefit
versus the negative and positive control, respectively. Significant antiplaque benefits for SnF, dentifrice were seen
regardless of clinical model, plaque index, tooth surface or type, including brushed and unbrushed surfaces (P< 0.049).
(Am J Dent 2022;35:297-307).

CLINICAL SIGNIFICANCE: Bioavailable gluconate chelated SnF» dentifrices showed consistent plaque inhibition versus
negative and positive controls across all conditions evaluated. Importantly, the effect on unbrushed surfaces illustrated
the significant plaque inhibition benefit of SnF, beyond mechanical plaque removal.
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Introduction

Dental plaque is a primary etiological factor in the develop-
ment of both caries and periodontal disease, conditions that
represent a major global disease burden with negative impacts
on quality of life as well as economic costs to society.' The
caries process is complex and is driven by acid production
resulting from bacterial plaque metabolism of dietary sugars.
Over time, these acids permanently cavitate the tooth enamel.!
Accumulation of plaque at and below the gingival margin can
lead to gingival inflammation and bleeding that may progress to
periodontitis in susceptible individuals.> As the inflammation
process advances, periodontitis can cause irreversible destruc-
tion of tooth-supporting tissues and eventual tooth loss.!

Mechanical plaque removal measures alone are often insuf-
ficient for preventing caries and periodontal disease. Plaque is
frequently left behind with toothbrushing, the most common
method of mechanical plaque removal, due to improper brush-
ing technique, inadequate brushing duration or frequency, or a
combination of these factors.** In addition, most patients do not
follow professional recommendations for cleaning interproxi-
mal tooth surfaces, the predominant sites of residual plaque.®’
Recent findings® indicate that poor oral hygiene can alter the
oral microbiome in as little as 24 hours, accelerating its aging
faster than previously known. Given these obstacles, chemo-
therapeutics that reduce the metabolic activity of remaining
plaque and inhibit plaque regrowth are an important comple-
ment to mechanical plaque removal strategies.’

Stannous fluoride (SnF,) has been shown to provide
superior benefits compared with other fluorides in randomized
controlled trials (RCTs) on a broad range of outcomes,
including reduction of plaque,'® gingivitis,'®!! erosion,'>!* and

sensitivity.'>!* The unique properties of SnF,, namely its insta-
bility in aqueous mediums, pose important formulation challen-
ges that can result in differing levels of stannous bioavailability
and, consequently, clinically significant differences in anti-
microbial efficacy across dentifrices.!*!7 Consistent with this, a
randomized, double-blind, parallel group study found signifi-
cant differences in reduction in gingival bleeding sites among
0.454% SnF, dentifrices with differing formulation parame-
ters.!” The antiplaque effects of SnF, dentifrices in previous
meta-analyses/pooled analyses have been somewhat mixed,'!
a finding that may be attributed in part to differences in formu-
lation compositions and levels of bioavailable SnF» across the
dentifrices evaluated.

This paper reports on a pooled analysis of RCTs conducted
over the past 30 years on 0.454% gluconate chelated SnF
dentifrices from the same formulation family with optimized
stannous bioavailability, to assess their effects on plaque con-
trol across plaque indices, clinical models, and by tooth surface
and type. A pooled analysis of a specific formulation family
was chosen over a systematic review to ensure access both to
analytical records confirming SnF, bioavailability and to
individual subject-level data needed to fulfill the test plan.

Materials and Methods

These pooled analyses were conducted in agreement with
the general principles of the PRISMA guidelines® and
followed a methodology as reported previously.':!?

Search - A search limited to the Procter & Gamble Oral Care
Clinical archive (SnF, gluconate) was undertaken to identify all
relevant studies that fit the inclusion criteria (PICOs) with results
available as of June 2020 for inclusion in this pooled analysis.
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Table 1a. Longer-term RCTs assessing plaque effects of SnF, dentifrice.
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Year study Plaque Timepoint Baseline End of treatment
Study  initiated Location index Inclusion criteria Control included mean mean (SE) N

LT-1* 1988  Indiana, USA SLPI Only gingivitis criteria Negative: NaF 12 weeks  0.97 SnF, 0.77 (0.019)
NC  0.82(0.028) 412

LT-23* 1992 Indiana, USA TQHPI  Only gingivitis criteria Negative: NaF SnF, 1.99 (0.030)

Positive: Triclosan/NaF 12 weeks 1.91 NC 2.07(0.030)
PC  2.09(0.030) 545

LT-32 2002 Florida, USA  TQHPI  Only gingivitis criteria Negative: SMFP 12 weeks 2.81 SnF, 2.24(0.049)
NC 2.38(0.049) 133

LT-4% 2003 Florida, USA  TQHPI  Only gingivitis criteria Negative: SMFP 12 weeks 2.86 SnF, 2.12(0.039)
NC 2.28(0.048) 132

LT-5* 2007 Florida, USA  TQHPI  Evidence of plaque Negative: SMFP 11 weeks 2.98 SnF, 1.99 (0.063)
and gingivitis NC 2.16 (0.058) 84

LT-6 2007 Florida, USA  DPIA Evidence of plaque Negative: SMFP 3 weeks 0.15 SnF, 0.10 (0.009)
NC 0.16 (0.010) 43

LT-7 2012 Nevada, USA  RMNPI  Evidence of plaque Negative: SMFP 12 weeks 0.66 SnF, 0.41(0.022)
NC 0.59(0.010) 48

LT-8% 2012 Massachusetts, DPIA Overnight plaque Negative: SMFP 6 weeks 0.12 SnF, 0.06 (0.007)
USA accumulation NC 0.10(0.011) 45

LT-9% 2017 Florida, USA  DPIA Adults with plaque Negative: SMFP 4 weeks 0.11 SnF, 0.07 (0.010)
NC  0.10(0.009) 46

LT-107 2018 California, USA TQHPI  Only gingivitis criteria Negative: SMFP 12 weeks 1.69 SnF, 1.12(0.020)
NC 1.72(0.026) 74

LT-11% 2018 Nevada, USA  TQHPI  Only gingivitis criteria Negative: SMFP 12 weeks 3.00 SnF, 2.16 (0.065)
NC 2.67(0.042) 86

LT-12%* 2019 Israel TQHPI  Only gingivitis criteria Negative: SMFP 12 weeks 4.05 SnF, 3.33(0.043)

Positive: NaF with Zn/Arg NC  3.65(0.065)
PC  3.53(0.062) 153

LT-13* 2019  Nevada, USA TQHPI  Only gingivitis criteria Negative: SMFP 12 weeks  2.95 SnF, 2.02 (0.038)
NC  2.71(0.038) 100

LT-14*" 2011 Florida, USA  DPIA Adults with plaque Positive: Triclosan/NaF 3 weeks 0.14 SnF, 0.08 (0. 007)
PC  0.20(0.028) 46

LT-15 2009 Florida, USA  DPIA Evidence of plaque Positive: Triclosan/NaF 2 weeks N/A SnF, 0.09 (0.009)
on anterior teeth PC  0.09 (0.009) 49

LT-16 2009 Brazil DPIA Evidence of plaque Positive: Triclosan/NaF 2 weeks N/A SnF, 0.11(0.016)
on anterior teeth PC  0.12(0.016) 50

LT-17 2011 Guatemala RMNPI RMNPI>0.5 Positive: Triclosan/NaF 6 weeks 0.6 SnF, 0.16 (0.007)
PC  0.18(0.007) 119

LT-18% 2011 Indiana, USA DPIA Evidence of overnight  Positive: Triclosan/NaF 3 weeks 0.15 SnF, 0.12(0.008)
plaque PC  0.14 (0.008) 93

LT-19% 2011 Nevada, USA RMNPI RMNPI>0.5 Positive: Triclosan/NaF 6 weeks 0.63 SnF, 0.28 (0.010)
PC  0.50(0.010) 114

LT-20 2011 Mainz, DPIA Evidence of overnight  Positive: Triclosan/NaF 3 weeks 0.14 SnF, 0.10 (0.008)
Germany plaque PC  0.11 (0.008) 96

LT-21¥ 2016 Missouri, USA° RMNPI RMNPI > 0.5 Positive: Triclosan/NaF 4 weeks 0.62 SnF, 0.41(0.007)
PC  0.53(0.007) 118

LT-22 2017 Israel RMNPI  Measurable dental Positive: Chlorhexidine 4 weeks 0.71 SnF, 0.53 (0.009)
plaque rinse PC  0.53(0.009) 68

*Positive and negative control.

RCT, randomized controlled trial. Plaque indices: DPIA, Digital Plaque Imaging Analysis; RMNPI, Rustogi Modification of the Navy Plaque Index; SLPI,
Silness and Loe Plaque Index; TQHPIL, Turesky Modified Quigley-Hein Plaque Index. Dentifrice/control ingredients: NaF, sodium fluoride; SMFP, sodium

monofluorophosphate; SnF,, stannous fluoride; Zn/Arg, zinc/arginine.

Eligibility criteria - Data were included from 4 days to 3
months from RCTs that had intervention and control groups
in human subjects and reported the effects of a family of
0.454% bioavailable SnF, dentifrices on plaque outcomes.
PICO model was employed: Patient: adult subjects; Inter-
vention: family of 0.454% bioavailable gluconate chelated
SnF, dentifrices from a single manufacturer (The Procter &
Gamble Company); Comparator: positive (triclosan dentifrice
or chlorhexidine rinse) or negative control (sodium fluoride or
sodium mono-fluorophosphate dentifrice); Outcome meas-
ures: plaque inhibition efficacy as measured using the
Turesky Modified Quigley-Hein Plaque Index (TQHPI),???
the Rustogi Modification of the Navy Plaque Index
(RMNPI),? Digital Plaque Imaging Analysis (DPIA),>* and
the Silness and Loe Plaque Index.?® The studies included in

these pooled analyses were selected because the chemical
profiles of the bioavailable SnF, gluconate chelated denti-
frices were well-characterized delivering bio-available SnF»,
and access to subject-level data allowed for additional analy-
sis by tooth type. RCTs using the 4-day crossover model
included lingual brushing only; buccal surfaces were only
exposed to dentifrice slurry.

Clinical plaque indices - The indices used to assess plaque in
these studies are well-published and validated. The Turesky
Modified Quigley-Hein Plaque Index assesses disclosed plaque
on two sites per tooth (facial and lingual) using a 0 to 5 scale,
where 0 = no plaque/debris and 5 = plaque covering 2/3 or
more of tooth crown.?'??> The Rustogi Modification of the Navy
Plaque Index (RMNPI)* scores disclosed plaque as absent (0)
or present (1) on nine areas of the buccal and lingual surfaces of
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Table 1b. 4-day plaque RCTs assessing plaque effects of SnF, dentifrice.
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Plaque Baseline  End of treatment
Study Year Location index Inclusion criteria Control mean mean (SE) N

4D-14 2008 Ohio, USA TQHPI No plaque inclusion criteria specified ~ Negative: SMFP 1.94  SnF, 1.26(0.06)
NC 1.47(0.06) 25

4D-24 2008 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 1.59  SnF, 1.28(0.06)
NC  1.53(0.06) 27

4D-346* 2008 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 1.89  SnF, 1.08(0.04)

Positive: Triclosan/NaF NC 1.56 (0.05)
PC  1.40(0.05) 29

4D-4 2010 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 222 SnF, 2.05(0.05)
NC 2.25(0.06) 29

4D-5 2010 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 1.89  SnF, 1.25(0.07)
NC 1.57(0.07) 28

4D-6 2011 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 228  SnF, 2.01(0.08)
NC 2.37(0.08) 28

4D-7 2012 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 247  SnF, 1.84(0.07)
NC 2.12(0.08) 30

4D-8 2013 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 2.6 SnF, 2.11(0.05)
NC 2.47(0.06) 36

4D-9 2014 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 2.7 SnF, 2.31(0.05)
NC  2.62(0.06) 36

4D-10 2014 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 2.11  SnF, 1.22(0.06)
NC 1.61(0.07) 29

4D-11 2015 Xian, China TQHPI Previously identified plaque formers Negative: NaF 236  SnF, 2.25(0.03)
NC 2.45(0.03) 30

4D-12 2015 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 2.58  SnF, 2.20(0.05)
NC 2.31(0.05) 33

4D-13 2017 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 22 SnF, 1.56 (0.05)
NC 1.78 (0.06) 32

4D-14 2018 Beijing, China ~ TQHPI Adults with plaque Negative: NaF 3.54  SnF, 2.95(0.03)
NC 3.35(0.03) 40

4D-15 2018 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 2.19  SnF, 1.52(0.06)
NC 1.72(0.07) 31

4D-16 2019 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 2.17  SnF, 1.66(0.05)
NC 1.91(0.05) 32

4D-17 2019 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 244  SnF, 1.76 (0.04)
NC 1.98(0.04) 30

4D-18 2019 Ohio, USA TQHPI Previously identified plaque formers Negative: SMFP 224  SnF, 1.72(005)
NC 191 (0.06) 32

4D-19% 2011 New Jersey, USA TQHPI Previously identified plaque formers Positive: Triclosan/NaF 2.56 ~ SnF, 1.57 (0.08)
PC  1.72(0.08) 28

4D-20 2011 Shanghai, China TQHPI Previously identified plaque formers Positive: Triclosan/NaF 3.03 ~ SnF, 2.60 (0.03)
PC  2.64(0.03) 36

4D-21 2014 New Jersey, USA TQHPI Previously identified plaque formers Positive: Triclosan/NaF 2.63 ~ SnF, 1.46 (0.08)
PC  1.59(0.08) 29

4D-22 2016 Ohio, USA TQHPI Previously identified plaque formers Positive: Triclosan/NaF 2.05  SnF, 1.23 (0.04)
PC  1.39(0.04) 32

*Positive and negative control.

RCT, randomized controlled trial. RCT, randomized controlled trial. Plaque indices: TQHPI, Turesky Modified Quigley-Hein Plaque Index. Dentifrice/control
ingredients: NaF, sodium fluoride; SMFP, sodium monofluorophosphate; SnF,, stannous fluoride.

each scorable tooth, for a total of 18 sites per tooth. Silness and
Loe Plaque Index® evaluates the presence of plaque on four
surfaces of each tooth (buccal, lingual, mesial, and distal) using
a 0 to 3 score, where 0= no plaque and 3 = abundance of soft
matter within the gingival pocket and/or on tooth and gingival
margin. Digital Plaque Imaging Analysis (DPIA)* objectively
evaluates total dental plaque. A digital image of fluorescein-
disclosed plaque, illuminated by ultraviolet (UV) light, is taken
and tooth plaque is identified by a unique color value. Tooth
plaque is then calculated by summing the number of pixels in
that color category and then calculating the percentage of the
tooth covered with dental plaque.

Study selection and data extraction - Two authors (TH and YZ)
independently assessed the eligibility of all studies retrieved
from the archives. Disagreements between the evaluators
regarding the selected studies were resolved by discussion. The
following data were extracted from the studies included in the

final analysis: study name and year; country; study design;
participants; age and gender; intervention; follow-up period;
oral health condition; and values of outcome measurements
(subject-level data, sample size, means and standard deviations)
in both intervention and control groups. The assessment up to
and including the 3-month visit for data was used if the study
had more than one follow-up visit.

Risk of bias assessment - The quality of the included individual
RCTs was assessed according to the revised Cochrane
collaboration RoB tool for randomized parallel group and
crossover trials.?® RoB 2 has five domains of bias focused on
different aspects of study design, conduct, and reporting.
Within each of the five domains, a series of signaling questions
elicits information about study features and a risk of bias
judgement (low risk, some concerns, and high risk) is proposed
based on an algorithm. Each study was assigned a risk of bias
judgement accordingly.
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Fig. 1. Longer-term (> 2 weeks) plaque studies versus a negative control (A) and positive control (B).

Statistical analysis - For longer term plaque studies, the
efficacy variables (TQHPI: eight studies, DPIA: eight studies,
Silness and Loe Plaque Index: one study and RMNPI: 5
studies) were standardized by dividing the mean treatment dif-
ference in each study by that study’s standard deviation
(Cohen’s d), which was then used to generate comparisons across
studies using pooled analysis. Results included plaque assess-
ments from 2 to 12 weeks. For both longer-term and 4-day
studies (TMQHI: 22 studies) the generic inverse variance
method with random-effects model was used to calculate the
summary differences between the SnF, dentifrice and the
controls (both positive and negative controls). For studies with
multiple interventions or controls, the weighted average of the
scores and pooled standard deviation were calculated to obtain
a single pairwise comparison and to mitigate the unit-of-analy-
sis error. Paired analyses were conducted for all 4-day trials.
Effect sizes (Cohen’s d) were also calculated using stan-
dardized mean difference for 4-day studies. Effect size is one of
the most important indicators of clinical significance with < 0.2
= trivial effect; 0.2-0.5 = small effect; 0.5-0.8 = moderate
effect; > 0.8 = large effect.’

The principal summary measure was the estimated mean dif-

ferences, presented in forest plots along with the 95% confi-
dence intervals (Cls). Tests for overall effects were based on z-
statistics and associated p-values. Percent change from control
was calculated by the weighted percent change from the control
from different studies where the weights were calculated from
the random effects model.

Pooled analyses were also done on different tooth surface or
type using site-level data. A sub-dataset of studies was chosen
for these analyses that used the same clinical index (Turesky
Modified Quigley-Hein Plaque Index). The statistical hetero-
geneity was quantified using the I? statistic which is reported in
the forest plots. An I? statistic of 30-60% represents moderate
heterogeneity, an I? statistic of 50-90% represents substantial
heterogeneity, and an 12 statistic of 75-100% represents consi-
derable heterogeneity. All summary-level and site-level pooled
analyses were conducted using the “metafor” package in R
version 3.2.3.%8.%

Results

Forty-four RCTs were identified assessing plaque based on
TQHPI, RMNPI, DPIA, and Silness and Lée Plaque Index.’%4
The studies were conducted in six countries and involved 3,336
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Fig. 2. Longer-term (> 2 weeks) plaque studies by method versus a negative control (A) and positive control (B).

subjects. Twenty-two studies were longer-term (> 2 weeks)
plaque studies’®* and 22 were 4-day plaque studies*®*’
(Table 1).

Analysis of longer-term studies - In 13 longer-term studies
assessing SnF, dentifrice versus a negative control, a stan-
dardized difference in the average plaque score of -1.15 (95% CI:
-1.61, -0.69) was observed favoring SnF, dentifrice, equating to a
19% benefit versus the negative control (P< 0.001) (Fig. 1A). In
11 longer-term studies assessing SnF» dentifrice versus a positive
control, a standardized difference in the average plaque score of
-0.74 (95% CI: -1.20, -0.28) was observed favoring SnF»
dentifrice, equating to a 16% benefit versus the positive control
(P=0.011) (Fig. 1B). Effect sizes (Cohen’s d) using standardized
mean differences (-1.15 and -0.74) indicate large and moderate
effects when comparing SnF, dentifrice with negative and
positive controls, respectively.

Analysis of longer-term studies by plaque index - The pooled
analyses of longer-term RCTs comparing SnF, dentifrice to

controls by plaque assessment method are shown in Figs. 2A
and B. Among 13 longer-term studies assessing SnF, dentifrice
versus a negative control, standardized differences in average
plaque scores of -0.95 (95% CI: -1.39, -0.50), -2.15 (95% CI:
-2.86, -1.44), -0.16 (95% CI: -0.37, 0.06), and -1.25 (95% CI:
-1.91, -0.59) were seen favoring SnF, relative to the negative
control as measured by DPIA (three studies), RMNPI (one
study), Silness and Loe Plaque Index (one study), and TQHPI
(eight studies), respectively (Fig. 2A). Among 11 longer-term
studies assessing SnF» dentifrice versus a positive control,
standardized differences in average plaque scores of -0.31 (95%
CL: -0.61, -0.01), -1.39 (95% CI: -2.73, -0.04), and -0.34 (95%
CL: -0.57, -0.11) were seen favoring SnF, relative to the
positive control as measured by DPIA (five studies), RMNPI
(four studies) and TQHPI (two studies), respectively (Fig. 2B).

Analysis of 4-day studies - In eighteen 4-day studies assessing
SnF, dentifrice versus a negative control, a difference in the
average 4-day plaque score of -0.27 (95% CI: -0.31, -0.23) was




302 He et al American Journal of Dentistry, Vol. 35, No. 6, December, 2022
A Stannous vs. Non-stannous Negative Control: Four Day Plaque
Baseline Stannous Mon-stannous
Study Mean Mean Se n Mean Se n Stannous-Mon-stannous  (95% CI)
40-1 1.94 1.26 0.06 25 1.47 0.06 25 o -0.21[-0.30, -0.13
40-2 1.59 1.28 0.06 27 1.53 0.06 27 —_——— -0.25[-0.35, -0.15
4D-3 1.89 1.08 0.04 29 1.56 0.05 29 —— -0.48 [-0.59, -0.37
40-4 2.22 205 0.05 29 2.25 0.06 29 —_—— -0.19[-0.31, -0.07
40-5 1.89 1.25 0.07 28 1.57 0.07 28 —_— -0.31 [-0.44, -0.19
40-5 228 201 0.08 28 237 0.08 28 —— -0.36 [-0.46, -0.25
40-7 247 1.84 0.07 30 212 0.08 30 — -0.28[-0.38, -0.18
40-8 286 211 0.05 36 247 0.06 36 —— -0.36 [-0.45, -0.27
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Fig. 3. 4-day plaque studies versus a negative control (A) and positive control (B).

observed equating to a 14% benefit for SnF, dentifrice, versus
the negative control (P< 0.001) (Fig. 3A). In five 4-day studies
assessing SnF» dentifrice versus a positive control, a difference
in the average 4-day plaque score of -0.15 (95% CI: -0.25,
-0.06) was observed equating to an 11% benefit for SnF,
dentifrice, versus the positive control (P= 0.001) (Fig. 3B).
Effect sizes (Cohen’s d) equaled 1.29 and 0.68 for comparisons
vs. negative control and positive control separately indicating
large and moderate effect.

Analysis of plaque reduction by tooth surface and type - The
pooled analyses of RCTs comparing SnF, dentifrice to a
negative control by lingual tooth surface and tooth type are
shown in Figs. 4A and B. In longer-term studies, SnF»
dentifrice resulted in a 13% antiplaque benefit versus the
negative control (P< 0.001) for Whole Mouth All Lingual
surfaces (Fig. 4A). In 4-day studies, SnF, dentifrice resulted in
a 15% antiplaque benefit versus the negative control (P< 0.001)
for Whole Mouth All Lingual surfaces (Fig. 4B). The
antiplaque benefit for SnF, dentifrice versus the negative
control was observed for lingual surfaces of mandibular and
maxillary teeth in both longer-term and 4-day studies (P<
0.009) (Figs. 4A and B).

The pooled analyses of RCTs comparing SnF, dentifrice to
a negative control by buccal tooth surface and tooth type are
shown in Figs. 5A and B. In longer-term studies, SnF»

dentifrice resulted in a 15% antiplaque benefit versus the
negative control (P< 0.001) for Whole Mouth All Buccal
surfaces (Fig. 5A). In 4-day studies, SnF, dentifrice resulted in
a 14% antiplaque benefit versus the negative control (P<0.001)
for Whole Mouth All Buccal (unbrushed) surfaces (Fig. 5B).
The antiplaque benefit of the SnF, dentifrice versus the
negative control was observed for buccal surfaces of
mandibular and maxillary teeth in both longer-term and 4-day
studies (P< 0.049) (Figs. 5A and B).

Risk of bias - For all internal bias categories, the risk of bias
in individual studies was deemed low. Each study included
in these pooled analyses was blinded and randomized.
Furthermore, the allocation sequence was unknown until
after all participants had been enrolled and assigned to
treatment, addressing bias arising from the randomization
process. The analyses for each individual study were
conducted per the per-protocol population to evaluate the
effect of adhering to intervention, addressing bias due to
deviations from the intended interventions. Outcomes were
available for all, or virtually all participants, addressing bias
due to missing outcome data. All trials used valid, reliable
outcome measures, and in the case of single-blind studies,
the examiners were not aware of the participants’ assigned
intervention during the trial addressing bias in measurement
of the outcome. All studies, both published and unpublished,
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NC=negative control. SnF, dentifrice showed a statistically significantly greater percent change in plaque for all tooth types and surfaces versus the control, P<0.001.

Fig. 4. Percent change versus negative control for lingual tooth surfaces by tooth type: Longer-term (A) and 4-day (B) studies.

had a pre-specified analysis plan, with results included regard-  result. The studies in these pooled analyses were all sponsored
less of outcome to address bias in the selection of the reported by the Procter & Gamble Company, a potential source of sys-
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NC, negative control. SnF, dentifrice showed a statistically significantly greater percent change for all tooth types and surfaces versus the control, P< 0.001.

Fig. 5. Percent change versus negative control for buccal tooth surfaces by tooth type: Longer-term (A) and 4-day (B) studies.

tematic bias. The risk of across-study bias is assuaged in that all Discussion

studies were randomized, blinded, and controlled and by the The present pooled analyses investigated the short- and
large scope of the research involving 44 studies across  longer-term anti-plaque effects of therapeutic bioavailable glu-
numerous sites in six countries, supporting the validity and  conate chelated 0.454% SnF, dentifrices against various
reproducibility of results. controls based on an extensive dataset of randomized controlled
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clinical studies with plaque as the primary endpoint in most
cases. The significant antiplaque benefit for SnF, dentifrice
relative to both negative and positive controls was seen consis-
tently in both 4-day and longer-term clinical models, across
plaque indices, and by tooth surface and type. The results of the
clinical relevance assessments indicate that the difference be-
tween the SnF, dentifrice and positive and negative controls
was potentially clinically relevant.

The 4-day plaque regrowth model was originally introduced
as a non-brushing model so that the chemotherapeutic effect of
a test product could be evaluated without the interference of
mechanical oral hygiene. Over time the model has evolved to a
partial brushing model to improve the compliance of the study
subjects.*®-! The model is well-established and used to evaluate
the plaque control properties of oral hygiene products. In 4-day
plaque studies included in the present pooled analyses, subjects
brushed their lingual surfaces and used dentifrice slurry on the
buccal surfaces.**#” A consistent benefit for SnF, dentifrice was
observed on both brushed and unbrushed surfaces. Results
across all studies demonstrated an antiplaque benefit for SnF,
dentifrice in buccal sites of 14% and 15% versus the negative
control in 4-day and longer-term studies, respectively, and the
benefit for lingual sites was 15% and 13% versus the negative
control in 4-day and longer-term studies, respectively.

These findings in favor of the SnF, dentifrice in the non-
brushed buccal surfaces using the 4-day plaque model indicate
that the antiplaque benefit for SnF> chemistry extends beyond
brushing. This is important as most patients do not achieve
complete plaque removal with standard toothbrushing.>? More-
over, many dental professionals are unaware that SnF, provides
antiplaque benefits via inhibiting regrowth and virulence of
plaque beyond brushing,> unlike sodium fluoride and sodium
monofluorophosphate dentifrice. The antiplaque effect of SnF
has been achieved through the mechanism of reducing bacterial
metabolic byproducts, lowering salivary bacterial count, re-
ducing bacterial toxins, and shifting the oral microbiome from
bacteria associated with disease towards those associated with
oral health 345

Analysis by tooth type has shown plaque reduction across
all tooth types in favor of SnF, dentifrices. In both 4-day and
longer-term studies, smaller plaque reductions in 2nd molars
and then 1st molars were observed for both buccal and lingual
surfaces. Additionally, in 4-day studies, mandibular incisors
exhibited lower plaque reductions on the lingual surfaces. The
findings suggest molars in the posterior location of the mouth
and mandibular lingual surfaces of incisors are difficult-to-
reach sites. These locations are also recognized as gingivitis-
prone sites® which warrant enhanced care such as incorpor-
ating an electric toothbrush as part of the oral care regimen.

In analyses by plaque assessment method, DPIA results on
the maxillary and mandibular anterior facial surfaces of teeth
were consistent with whole mouth data as captured by TQHPI,
RMNPI, and the Silness and Lée Plaque Index.

Prior meta-analyses/pooled analyses have shown an anti-
plaque effect for SnF, dentifrices. The Gunsolley meta-
analysis'® of 6-month studies found statistically significant evi-
dence of an antiplaque benefit for SnF, dentifrices. The
magnitude of the difference was marginal. However, the author
suggested that the efficacy of SnF» in reducing gingivitis is
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mainly due to its alteration of plaque virulence. A 2016
network meta-analysis®® of RCTs that measured plaque effect
using TQHPI showed a greater reduction in plaque scores in
favor of SnF, dentifrice relative to negative controls. More
recently, an analysis by Valkenburg et al®® provided evidence in
favor of SnF, or triclosan dentifrice versus sodium fluoride
dentifrice for plaque inhibition as determined by the Quigley-
Hein Index or DPIA. The Salzer et al'® paper, which only
compared SnF> and triclosan dentifrices, suggested that both
actives provided gingival health benefit and the differences
between the active ingredients were inconclusive. Consistent
with the present pooled analysis, a systematic review conducted
by Johannsen et al' demonstrated an antiplaque benefit for
SnF, dentifrices versus other dentifrices in both 4-day and
longer-term studies. Notably, the Johannsen et al'® analyses
showed substantial heterogeneity, with reductions in plaque
ranging from 1.6% to 25.8% depending on the plaque index
used and the study duration. Similarly, the Paraskevas & van
der Weijden®' systematic review found evidence of a plaque
reduction benefit in favor of SnF, dentifrice versus sodium
fluoride dentifrice, but the magnitude of the effect was difficult
to assess due to high heterogeneity.

There are two aspects of this pooled analysis design that
could be considered limitations. First, only a fraction of 4-day
plaque studies have been published. This is not due to
deficiencies in the model or data, but rather the model has been
very stable with key design features and procedures remained
the same across the studies. Another perceived limitation is the
lack of a systematic review. However, the impact of SnF»
bioavailability on efficacy is well-known and therefore it was
critical to have access to analytical records and antimicrobial
performance data as well as subject-level data for the tooth type
analysis. These objectives were achieved by using studies from
an accessible single database.

The pooled analyses reported here demonstrate consistent,
clinically observable benefits for this specific formulation
family of SnF, dentifrices versus negative and positive controls
and include the broadest and largest set of data having three
times or more studies than any of the previously published
reports. Studies evaluated in these pooled analyses ranged from
4 days to 3 months and plaque was a primary benefit in most
studies, whereas many of the previous analyses only included
studies 6 months or longer and plaque was often a secondary
measure. This indicates that assessing plaque as a primary
measure and including studies with assessments as early as 4
days may be a more accurate way to evaluate plaque. These
findings have relevance for overall patient care. The family of
stabilized SnF, dentifrices included in these pooled analyses
has been shown to reduce gingivitis through binding to
bacterial endotoxins that trigger the inflammatory process,
resulting in less virulent plaque, a more balanced oral
microbiome, and decreased inflammation and bleeding.36:6263
Importantly, relationships have been established between
periodontal disease and certain systemic diseases, including
cardiovascular disease and diabetes, and periodontal inflam-
mation is a risk factor for the systemic inflammation common
to many systemic conditions.** A preventive approach to perio-
dontal disease, which includes daily plaque control, has also
been shown to increase healthy life years and reduce economic
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costs to society in an independent analysis of prevention versus
treatments approaches to periodontitis.>

Conclusion

The present pooled analyses demonstrated statistically sig-

nificant plaque inhibition effects of bioavailable SnF; denti-
frices versus negative and positive controls regardless of
clinical model, plaque assessment method, tooth type or tooth
surface. As these findings were restricted to a specific
bioavailable gluconate chelated SnF, dentifrice family, results
cannot be generalized to other SnF, formulations.
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