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ABSTRACT

Objective. The objective of this study was to compare a stabilized stannous fluoride (SnF2)
dentifrice with zinc phosphate (Colgate TotalSF) with SnF2 with zinc lactate and control fluoride
dentifrices for gingivitis and plaque control over a 6-month period.

Methods. A total of 135 adult participants were enrolled in this study. After randomization and
blinding of examiners and patients, enrolled participants were provided instructions for use of
assigned dentifrice. At 3 visits (0, 3, and 6 months), various gingival and plaque indexes were
collected to determine the clinical efficacy of a stabilized SnF2 dentifrice. These results were
compared with a SnF2 with zinc lactate dentifrice and with a control fluoride dentifrice.

Results. A total of 135 participants completed the study. All groups reported statistically significant
reductions in gingival inflammation and improvement in plaque control at 3- and 6-month follow-up.
Both SnF2 dentifrices showed statistically significant reductions in all indexes compared with the
control dentifrice (P < .001). However, the test dentifrice showed higher but nonsignificant im-
provements in plaque and gingival indexes compared with the other SnF2 dentifrice.

Conclusions. This study reports similar efficacy of a test dentifrice to a commercial SnF2-
containing dentifrice for plaque control and reduction in gingival inflammation and provides sup-
porting evidence that the test dentifrice maintains its clinical efficacy with change of formulation.

Practical Implications. This newly formulated SnF2 stabilized with zinc phosphate dentifrice may
be of benefit to patients in controlling plaque biofilm and gingivitis.
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eriodontal disease and caries are the 2 most common oral diseases1,2 and affect between 20%
and 50% of the global population.3 Both periodontal disease and caries are initiated via the
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Ppresence of a pathogenic dental biofilm. Dental biofilm is an organized matrix that is
composed of a complex4-6 and diverse microbial community,7,8 comprising hundreds of bacterial
species.9 Initially, certain bacteria (early colonizers) populate the oral surfaces (both hard and soft
tissues) and provide a framework for a diverse bacterial colonization.10 The key strategy in pre-
vention of periodontal disease and caries is frequent mechanical disruption of the dental biofilm11

using proper toothbrushing methods and effective dentifrices.12

With the advancement in formulation of dentifrices, modern oral health care products can
significantly reduce the dental biofilm burden12 and aid in preventing periodontal disease. Stannous
fluoride (SnF2) dentifrices show scientific evidence for reducing biofilm burden and affect bacterial
acid production with notable substantivity.13-17 The effects of SnF2 have largely been attributed to
the presence of free stannous ions, which, if oxidized to stannic ions, become ineffective in
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ABBREVIATION KEY

GInt: Gingival interproximal
index.

GS: Gingival severity index.
PI: Plaque index.

PInt: Plaque interproximal
index.

PS: Plaque severity index.
SnF2: Stannous fluoride.
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providing the desired dental therapeutic benefits.18 As a result, finding a mechanism to restrict the
oxidative process is crucial to maintaining the efficacy of SnF2 dentifrices.

Colgate-Palmolive Company has developed a mechanism for effective stabilization of SnF2 (via
avoiding oxidation) through the incorporation of zinc phosphate. This new and innovative formu-
lation has undergone rigorous laboratory and clinical testing. In this study, the test dentifrice, con-
taining SnF2 (0.454%) with zinc phosphate in a silica base (Colgate TotalSF, Colgate-Palmolive
Company), was compared with a commercial dentifrice containing 0.454% SnF2 stabilized with
sodium hexametaphosphate in a silica base with low water content (Crest Pro-Health Toothpaste,
Procter & Gamble) and a regular fluoride (0.76% sodium monofluorophosphate, 1,000 parts per
million fluoride) dentifrice in a dicalcium phosphate dihydrate base (Colgate-Palmolive Company) to
compare reductions in plaque and gingivitis over a 6-month period. Another article in this supple-
ment discusses the effect of the test dentifrice on gingival and plaque indexes in a Chinese cohort.19

METHODS

Study design
The study was reviewed and approved by the Institutional Review Board of the Faculty of Dentistry
and Pharmacy, Mahidol University (Bangkok, Thailand). The sample size was determined on the
basis of the standard deviation for the response measures of 0.58, a significance level of a ¼ 0.05, a
10% attrition rate, and an 80% power level, which allowed this study to detect a minimal statis-
tically significant difference between the study group means of 15%. The sample size calculation
used historical data from a previous study.20 This randomized, single-center, double-blind, and
parallel-group study included a total of 135 participants using the following inclusion and exclusion
criteria. The dentifrices compared were

n 0.454% SnF2 stabilized zinc phosphate in a silica base (Colgate-Palmolive Company) (test);
n 0.454% SnF2 stabilized with sodium hexametaphosphate in a silica base with a low-water content
(Procter & Gamble) (Crest Pro-Health);

n 0.76% sodium monofluorophosphate (1,000 ppm) in a dicalcium phosphate dihydrate base
(Colgate-Palmolive Company) (control).

Inclusion criteria
Participants 18 through 70 years of age in good general health who had at least 20 uncrowned per-
manent natural teeth (excluding third molars) were available for the duration of study and were
willing to sign an informed consent. Participants were required to have an initial mean gingival index
score of at least 1.0, determined via the Löe-SilnessGingival Index,21 and an initial mean plaque index
score of at least 1.5, determined via the Turesky modification of the Quigley-Hein Plaque Index.22

Exclusion criteria
Participants were excluded from the study if they had orthodontic bands, partial removable den-
tures, tumors of the soft or hard tissues of the oral cavity, advanced periodontal disease (purulent
exudates, tooth mobility, extensive loss of periodontal attachment or alveolar bone, or all of these),
or 5 or more carious lesions requiring immediate restorative treatment. They were also excluded
from the study if they had a history of allergies to oral health care, personal health care, or both
consumer products or their ingredients; if they had an existing medical condition that prohibited
abstaining from eating or drinking for up to 4 hours; if they used antibiotics anytime during the 1
month before entry into the study; or if they were using any other prescription medicines that might
interfere with the study outcome. Pregnant or lactating women were excluded from participation, as
were participants with a history of alcohol or drug abuse. Participants who participated in any other
clinical study or test panel within 1 month before entry into the study or who received a dental
prophylaxis in the 2 weeks before the baseline examination were also excluded from the study.

Clinical examination and instructions
After study treatment assignment, participants were provided with their assigned dentifrice and an
adult, soft-bristled toothbrush for home use. They were instructed to brush twice daily (morning and
evening) for 1 minute with approximately 1.5 grams of the assigned dentifrice for 6 months.
Qualifying participants and all clinical study site personnel were blinded to product assignment.
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135 participants had baseline examinations
and were randomly assigned to products

10 participants unavailable at time of examination
  3 participants did not meet inclusion
       2 presence of orthodontic bands
       1 pregnant or lactating

Consent acquired from 148 participants

Consent requested for 153 eligible participants

Colgate TotalSF Crest Pro-Health Regular fluoride toothpaste

5 did not consent

45

45

45 (females/males: 26/19)
Mean age: 42.31 years

3 months

6 months

Baseline 45 (females/males: 25/20)
Mean age: 43.62 years

45

45

45 (females/males: 24/21)
Mean age: 44.80 years

45

45

Figure 1. Consolidated Standards of Reporting Trials flow diagram.
Products were covered with white overwrapping paper to conceal product identity. Label infor-
mation on each tube consisted of a toothpaste code (study group code), instructions for at-home
use, and safety information, including emergency contact information.

At all clinical visits (baseline and 3 and 6 months), an oral and perioral examination was per-
formed to determine the status of teeth, soft tissues of the mouth, salivary glands, and tonsillar and
pharyngeal regions. Adverse events were obtained from interviews with the participants and from
oral examination.

Statistical analysis
For age and sex, independent t test and c2 test were performed, respectively. For gingival and plaque
indexes, subjectwise whole-mouth scores were calculated via adding the scores for all sites and
dividing by the total number of recorded sites. For gingival and plaque severity indexes, gingival
recordings with scores of 2 or 3 and plaque recordings with scores of 3, 4, or 5 were divided by the
total number of recorded sites. Similarly, gingival and plaque interproximal indexes were calculated
via adding recording from interproximal sites and dividing by the total number of mesial and distal
recorded sites. Average scores for each group at various time points were then calculated along with
95% confidence intervals. Comparisons of average of all indexes within and between treatment
groups were performed using independent t test and analysis of covariance, respectively. All
statistical tests were 2 sided and used a level of significance of a ¼ 0.05.

RESULTS
The population enrolled and who completed the study is presented in the Consolidated Standards
of Reporting Trials diagram (Figure 1). A total of 135 participants completed the study with
6-month follow-up. The treatment groups did not differ significantly with respect to sex (P ¼ .914)
and age (P ¼ .596) (Table 1).

Baseline
At baseline, mean gingival indexes for test, Crest Pro-Health, and control dentifrices were 1.77,
1.76, and 1.75, respectively. The mean gingival severity indexes were 0.66, 0.65, and 0.64 for test,
Crest Pro-Health, and control dentifrices. Similarly, mean gingival interproximal index was 1.85 for
both test and Crest Pro-Health groups and 1.84 for the control group. For all gingival indexes, no
statistically significant difference was noted between groups (Table 2).

At baseline, mean plaque index, mean plaque severity index, and mean plaque interproximal
index for test group were 3.42, 0.80, and 3.48, respectively. For the Crest Pro-Health group, these
measures were 3.41, 0.77, and 3.49, respectively. Similarly, for the control group, these indexes
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Table 1. Summary of age and sex distribution of the study participants.*

TREATMENT GROUP PARTICIPANTS BY SEX AGE, Y

Male Female Mean Range

Test (n [ 45) 19 26 42.31 21-60

Crest Pro-Health (n [ 45) 20 25 43.62 22-58

Control (n [ 45) 21 24 44.80 24-60

* No significant differences were noted between participants on the basis of age and sex.

Table 2. Statistical parameters for comparisons made within each treatment group at 3- and 6-month intervals.*

EVALUATION WITHIN-TREATMENT ANALYSIS

Baseline 3 Months 6 Months

Mean
(Standard
Deviation)

Adjusted
Mean (Standard

Error)

Adjusted 95%
Confidence
Interval P Value

Adjusted
Mean (Standard

Error)

Adjusted 95%
Confidence
Interval P Value

Test

GI† 1.77 (0.17) 1.39 (0.01) 1.37 to 1.41 < .001 1.16 (0.02) 1.12 to 1.20 < .001

PI‡ 3.42 (0.30) 2.62 (0.02) 2.58 to 2.66 < .001 2.28 (0.03) 2.22 to 2.34 < .001

GS§ 0.66 (0.13) 0.44 (0.01) 0.42 to 0.46 < .001 0.30 (0.01) 0.28 to 0.32 < .001

PS{ 0.80 (0.10) 0.55 (0.02) 0.51 to 0.59 < .001 0.38 (0.02) 0.34 to 0.42 < .001

GInt# 1.85 (0.20) 1.46 (0.02) 1.42 to 1.50 < .001 1.24 (0.03) 1.18 to 1.30 < .001

Pint** 3.48 (0.37) 2.65 (0.02) 2.61 to 2.69 < .001 2.34 (0.03) 2.28 to 2.40 < .001

CPH

GI 1.76 (0.19) 1.41 (0.01) 1.39 to 1.43 < .001 1.21 (0.02) 1.17 to 1.25 < .001

PI 3.41 (0.30) 2.65 (0.02) 2.61 to 2.69 < .001 2.36 (0.03) 2.30 to 2.42 < .001

GS 0.65 (0.13) 0.46 (0.01) 0.44 to 0.48 < .001 0.33 (0.01) 0.31 to 0.35 < .001

PS 0.77 (0.11) 0.59 (0.02) 0.55 to 0.63 < .001 0.43 (0.02) 0.39 to 0.47 < .001

GInt 1.85 (0.22) 1.49 (0.02) 1.45 to 1.53 < .001 1.29 (0.03) 1.23 to 1.35 < .001

Pint 3.49 (0.36) 2.67 (0.02) 2.63 to 2.71 < .001 2.40 (0.03) 2.34 to 2.46 < .001

Control

GI 1.75 (0.20) 1.68 (0.01) 1.66 to 1.70 < .001 1.62 (0.02) 1.58 to 1.66 < .001

PI 3.43 (0.32) 3.24 (0.02) 3.20 to 3.28 < .001 3.11 (0.03) 3.05 to 3.17 < .001

GS 0.64 (0.13) 0.65 (0.01) 0.63 to 0.67 ¼ .598 0.58 (0.01) 0.56 to 0.60 < .001

PS 0.81 (0.09) 0.82 (0.02) 0.78 to 0.86 ¼ .002 0.78 (0.02) 0.74 to 0.82 ¼ .440

GInt 1.84 (0.25) 1.76 (0.02) 1.72 to 1.80 < .001 1.68 (0.03) 1.62 to 1.74 < .001

PInt 3.52 (0.36) 3.29 (0.02) 3.25 to 3.33 < .001 3.16 (0.03) 3.10 to 3.22 < .001

* At 3- and 6-month intervals, all indexes were significantly improved, except gingival severity in the control group at 3 months and
plaque severity in the control group at 6 months. † GI: Gingival index. ‡ PI: Plaque index. § GS: Gingival severity index. { PS:
Plaque severity index. # GInt: Gingival interproximal index. ** PInt: Plaque interproximal index.
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measured 3.43, 0.81, and 3.52, respectively. No statistically significant difference was noted between
groups for plaque indexes at baseline (Table 2).

3-Month follow-up
The gingival and plaque indexes, as measured at baseline, were also measured at 3-month follow-up
after twice daily toothbrushing with assigned dentifrices. All dentifrice groups reported reductions in
plaque and gingival indexes from baseline. For test and Crest Pro-Health groups, all gingival and
plaque indexes showed statistically significant reductions. However, for the control dentifrice,
the reduction in gingival severity index was not statistically significant at the 3-month observation
(P ¼ .598) (Table 2). Graphical representation of the gingival and plaque reductions relative to
baseline are shown in Figures 2A and 2B and Figures 3A and 3B.
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Figure 2. Graphical representation of the percentage reduction relative to baseline for the gingival index (A) and plaque index (B).
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Figure 3. Graphical representation of the percentage reduction relative to baseline for the gingival interproximal index (A) and plaque interproximal
index (B).
6-Month follow-up
At 6 months, gingival and plaque indexes showed a similar trend. All dentifrice groups reported
significant reductions in all gingival and plaque indexes, with the exception of plaque severity index
in the control group (Table 2). Graphical representation of the reductions relative to baseline are
shown in Figures 2A and 2B and Figures 3A and 3B.

DISCUSSION
Periodontal disease is one of the most common chronic diseases affecting the human population.23

The primary etiopathogenic mechanism for periodontal disease is the host response against dental
biofilm.24 Inadequate control of dental biofilm has other local manifestations, such as caries and oral
malodor.25,26 However, there are important systemic associations related to periodontal disease that
may compromise overall health.27,28 Because prevention of periodontal disease and maintenance of
periodontal health rely on adequate biofilm control,28 there are various oral hygiene aids and
dentifrice formulations that have been developed.

This randomized, single-center, 3-cell, double-blind, parallel-group clinical study was conducted
in a Thai cohort to compare SnF2 stabilized with zinc phosphate against a fluoride control and an
SnF2 formulation stabilized with sodium hexametaphosphate in a low-water content silica base. The
groups were compared for gingival and plaque indexes at baseline and at 3- and 6-month intervals.
Participants did not differ significantly between groups for age and sex and were also comparable
between groups across all gingival and plaque indexes at baseline.

All groups reported a significant reduction in plaque and gingival indexes at both 3- and 6-month
intervals. The gingival severity index reduction at 3 months (P ¼ .598) and plaque severity index
reduction at 6 months (P ¼ 0.440) were not statistically significant in the control group. As ex-
pected, both dentifrice groups (test and Crest Pro-Health) reported statistically significant re-
ductions in all indexes compared with the control group (P < .001). Conversely, the comparison of
test and Crest Pro-Health groups showed differences that were not statistically significant across all
indexes. This indicates that SnF2-containing dentifrices were comparable in their efficacy, as
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measured for control of plaque and gingival inflammation, and the stabilization of SnF2 through
incorporation of zinc phosphate did not reduce the clinical efficacy of the test dentifrice.

The most notable difference between Colgate TotalSF and Crest Pro-Health is in the manner in
which the 2 products stabilize SnF2. For SnF2 to maintain efficacy against plaque and gingivitis, it is
critical that tin remains in the free stannous ion oxidation state.18 In an aqueous environment, it is
difficult to prevent the free stannous ions from oxidizing to stannic ions, which are inactive. Previ-
ously, strategies to achieve this stabilization included use of nonaqueous systems, reduction of water
content, including additional stannous ions in the form of stannous chloride, and the incorporation of
high levels of phosphate excipients, such as hexametaphosphate.16,29-31 These strategies may result in
astringent taste, staining of teeth and dental appliances, and changes in appearance and texture of the
dentifrice.12,32-34 Crest Pro-Health uses the traditional approach, significantly lowering the water
content and adding a chelating agent, in the form of sodium hexametaphosphate. In contrast, Colgate
TotalSF stabilized with zinc phosphate allows the formula to use a water content that is in a range of
most commercial fluoride toothpastes. From a consumer use perspective, this is an advantage.
Significantly lowering the water content of the toothpaste negatively impacts the flavor, mouth
feeling, and esthetics, which can diminish the user experience and potentially impact compliance.

In this study, both Colgate TotalSF and Crest Pro-Health delivered significant effects in controlling
plaque and reducing gingivitis over a 6-month period compared with a regular fluoride toothpaste. Six
parameters associated with plaque and gingivitis were measured in this study. Although no significant
difference between Colgate TotalSF and Crest Pro-Health was detected, the numerical trend favored
Colgate TotalSF in terms of an increased performance in every plaque and gingivitis parameter
measured over the 6-month period. Indeed, both Figures 1 and 2 show that although indexes are
statistically parity, at the 6-month point, there is evidence of further reduction in gingival and plaque
parameters in benefit to Colgate TotalSF. Such differences at 6 months may be attributed to how the
2 SnF2 formulations are stabilized. However, just as likely, the differences at 6 months may be ascribed
to important consumer parameters that influence the product’s continued use, such as taste leading to
improved compliance; continued adoption of a therapeutic product is just as critical to long-term
benefits as is the stability of the antibacterial agent itself. Use of zinc phosphate to stabilize SnF2
has enabled Colgate TotalSF to provide excellent control of plaque and gingivitis without compro-
mising on flavor, mouth feeling, and esthetics that other dentifrices using SnF2 must make.

CONCLUSIONS
Colgate-Palmolive Company has developed a new toothpaste, Colgate TotalSF that contains SnF2
stabilized with zinc phosphate. This toothpaste contains traditional water content and had a
pleasing taste, mouth feeling, and esthetics. Colgate TotalSF was compared with a commercial SnF2
toothpaste stabilized in a typical way via lowering the water content and adding high levels of
excipient chelants. The new Colgate TotalSF was shown to deliver significant benefits with respect
to control of plaque and reduction in gingival inflammation that was on par with a commercial SnF2
toothpaste stabilized in the traditional way. n
Dr. Seriwatanachai is an associate professor, Department of Oral Biology,
Faculty of Dentistry, Mahidol University, Bangkok, Thailand.
Dr. Triratana is an associate professor, Department of Oral and Maxil-

lofacial Pathology, Faculty of Dentistry, Mahidol University, Bangkok,
Thailand.
Dr. Kraivaphan is an associate professor, Department of Pharmacology,

Faculty of Dentistry, Mahidol University, Bangkok, Thailand.
Dr. Amaornchat is an associate professor, Department of Oral Science,

International College of Dentistry, Walailak University, Phaya Thai,
Bangkok, Thailand.
Mr. Mateo is an independent consultant, LRM Statistical Consulting,

West Orange, NJ.
Dr. Sabharwal is a clinical assistant professor, Department of Periodon-

tics and Endodontics, School of Dental Medicine, State University of New
York, University at Buffalo, Buffalo, NY.
us User (n/a) at Mahidol University Faculty of Medi
or personal use only. No other uses without permissio
Dr. Delgado is a director, Colgate-Palmolive Technology Center,
Piscataway, NJ.
Dr. Szewczyk is a manager, Colgate-Palmolive Technology Center,

Piscataway, NJ.
Dr. Ryan is the vice president and chief dental officer, Colgate-Palmolive

Technology Center, Piscataway, NJ.
Dr. Zhang is a distinguished fellow and worldwide director, Colgate-

Palmolive Technology Center, 909 River Rd, Piscataway, NJ 08855, e-mail
Yun_po_zhang@colpal.com. Address correspondence to Dr. Zhang.

Disclosure. Dr. Sabharwal received an honorarium from Colgate-
Palmolive.

Publication of this article was supported by Colgate-Palmolive Company.
JADA 150(4 suppl) n http://jada.ada.org n April 2019

cine Siriraj Hospital from ClinicalKey.com by Elsevier on September 26, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.

mailto:Yun_po_zhang@colpal.com
http://jada.ada.org


1. He T, Farrell S. The case for stabilized stannous
fluoride dentifrice: an advanced formulation designed
for patient preference. J Clin Dent. 2017;28(4 Special
number B):B1-B5.
2. Zero DT. Dentifrices, mouthwashes, and remineral-

ization/caries arrestment strategies. BMC Oral Health.
2006;15(6):S9.
3. Nazir MA. Prevalence of periodontal disease, its as-

sociation with systemic diseases and prevention. Int J
Health Sci. 2017;11(2):72.
4. Cheng X, Liu J, Li J, et al. Comparative effect of a

stannous fluoride toothpaste and a sodium fluoride tooth-
paste on amultispecies biofilm.ArchOral Biol. 2017;74:5-11.
5. Hasan A, Palmer R. A clinical guide to periodon-

tology: pathology of periodontal disease. Br Dent J. 2014;
216(8):457.
6. Marsh PD. Dental plaque as a biofilm: the signifi-

cance of pH in health and caries. Compendium. 2009;
30(2):CE2.
7. Marsh PD. Dental plaque: biological significance of a

biofilm and community life-style. J Clin Periodontol. 2005;
32(suppl 6):7-15.
8. Schaudinn C, Gorur A, Keller D, Sedghizadeh PP,

Costerton JW. Periodontitis: an archetypical biofilm dis-
ease. JADA. 2009;140(8):978-986.
9. Keijser B, Zaura E, Huse S, et al. Pyrosequencing

analysis of the oral microflora of healthy adults. J Dent Res.
2008;87(11):1016-1020.
10. Gurenlian JR. The role of dental plaque biofilm in
oral health. J Dent Hyg. 2007;81(suppl 1):116.
11. He T, Barker ML, Biesbock A, et al. Assessment of
the effects of a stannous fluoride dentifrice on gingivitis in
a two-month positive-controlled clinical study. J Clin
Dent. 2012;23(3):80.
12. Reilly C, Rasmussen K, Selberg T, Stevens J,
Jones RS. Biofilm community diversity after exposure to 0.
4% stannous fluoride gels. J Appl Microbiol. 2014;117(6):
1798-1809.
13. Farrell S, Barker ML, Gerlach RW. Overnight mal-
odor effect with a 0.454% stabilized stannous fluoride
JADA 150(4 suppl) n http://jada.ada.org n Apr

Downloaded for Anonymous User (n/a) at Mahidol
For personal use only. No 
sodium hexametaphosphate dentifrice. Compend Contin
Educ Dent. 2007;28(12):658-661.
14. Mallatt M, Mankodi S, Bauroth K, et al. A controlled
6-month clinical trial to study the effects of a stannous
fluoride dentifrice on gingivitis. J Clin Periodontol. 2007;
34(9):762-767.
15. Mankodi S, Bartizek RD, Leslie Winston J, et al.
Anti-gingivitis efficacy of a stabilized 0.454% stannous
fluoride/sodium hexametaphosphate dentifrice: a controlled
6-month clinical trial. J Clin Periodontol. 2005;32(1):75-80.
16. Schiff T, Saletta L, Baker R, Winston J, He T.
Desensitizing effect of a stabilized stannous fluoride/so-
dium hexametaphosphate dentifrice. Compend Contin
Educ Dent. 2005;26(9 suppl 1):35-40.
17. White DJ, Kozak KM, Gibb R, et al. A 24-hour
dental plaque prevention study with a stannous fluoride
dentifrice containing hexametaphosphate. J Contemp Dent
Pract. 2006;7(3):1-11.
18. Lippert F. An introduction to toothpaste-its purpose,
history and ingredients. Monogr Oral Sci. 2013;23:1-14.
19. Hu D, Li X, Liu H, et al. Evaluation of a stabilized
stannous fluoride dentifrice on dental plaque and gingi-
vitis in a randomized controlled trial with 6-month follow
up. JADA. 2019;150(4S):S32-S37.
20. Hu D, Zhang YP, Petrone M, Volpe AR, DeVizio W,
Proskin HM. Clinical effectiveness of a triclosan/copol-
ymer/sodium fluoride dentifrice in controlling oral mal-
odor: a three-week clinical trial. Compend Contin Educ
Dent. 2003;24(SI):34-41.
21. Löe H, Silness J. Periodontal disease in pregnancy, I:
prevalence and severity. Acta Odontol Scand. 1963;21(6):
533-551.
22. Turesky S, Gilmore ND, Glickman I. Reduced
plaque formation by the chloromethyl analogue of
victamine C. J Periodontol. 1970;41(1):41-43.
23. Eke PI, Dye B, Wei L, Thornton-Evans G, Genco R.
Prevalence of periodontitis in adults in the United States:
2009 and 2010. J Dent Res. 2012;91(10):914-920.
24. Kinane DF. Causation and pathogenesis of peri-
odontal disease. Periodontol 2000. 2001;25(1):8-20.
il 2019

 University Faculty of Medicine Siriraj Hospital from ClinicalK
other uses without permission. Copyright ©2019. Elsevier Inc.
25. Liu XN, Shinada K, Chen XC, et al. Oral malodor-
related parameters in the Chinese general population.
J Clin Periodontol. 2006;33(1):31-36.
26. Marsh PD. Microbiology of dental plaque biofilms
and their role in oral health and caries. Dent Clin. 2010;
54(3):441-454.
27. Garcia RI, Henshaw MM, Krall EA. Relationship
between periodontal disease and systemic health. Perio-
dontol 2000. 2001;25(1):21-36.
28. Sabharwal A, Gomes-Filho IS, Stellrecht E,
Scannapieco FA. Role of periodontal therapy in man-
agement of common complex systemic diseases and
conditions: an update. Periodontol 2000. 2018;78(1):
212-226.
29. Archila L, Bartizek RD, Winston JL, et al. The
comparative efficacy of stabilized stannous fluoride/sodium
hexametaphosphate dentifrice and sodium fluoride/tri-
closan/copolymer dentifrice for the control of gingivitis: a
6-month randomized clinical study. J Periodontol. 2004;
75(12):1592-1599.
30. Pfarrer A, McQueen C, Lawless M, Rapozo-Hilo M,
Featherstone J. Anticaries potential of a stabilized stannous
fluoride/sodium hexametaphosphate dentifrice. Compend
Contin Educ Dent. 2005;26(9 suppl 1):41-46.
31. Winston JL, Fiedler SK, Schiff T, Baker RA. An
anticalculus dentifrice with sodium hexametaphosphate
and stannous fluoride: a six-month study of efficacy.
J Contemp Dent Pract. 2007;8(5):1-8.
32. Beiswanger B, Doyle P, Jackson R, et al. The
clinical effect of dentifrices containing stabilized stan-
nous fluoride on plaque formation and gingivitis: a
six-month study with ad libitum brushing. J Clin Dent.
1995;6:46-53.
33. Ellingsen JE, Eriksen HM, Rolla G. Extrinsic dental
stain caused by stannous fluoride. Eur J Oral Sci. 1982;
90(1):9-13.
34. Perlich M, Bacca L, Bollmer B, et al. The clinical
effect of a stabilized stannous fluoride dentifrice on plaque
formation, gingivitis and gingival bleeding: a six-month
study. J Clin Dent. 1995;6:54-58.
S31
ey.com by Elsevier on September 26, 2019.

 All rights reserved.

http://refhub.elsevier.com/S0002-8177(19)30004-2/sref1
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref1
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref1
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref1
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref2
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref2
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref2
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref3
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref3
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref3
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref4
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref4
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref4
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref5
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref5
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref5
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref6
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref6
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref6
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref7
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref7
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref7
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref8
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref8
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref8
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref9
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref9
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref9
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref10
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref10
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref11
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref11
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref11
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref11
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref12
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref12
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref12
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref12
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref13
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref13
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref13
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref13
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref14
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref14
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref14
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref14
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref15
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref15
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref15
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref15
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref16
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref16
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref16
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref16
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref17
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref17
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref17
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref17
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref18
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref18
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref34
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref34
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref34
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref34
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref19
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref19
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref19
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref19
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref19
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref20
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref20
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref20
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref21
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref21
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref21
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref22
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref22
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref22
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref23
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref23
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref24
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref24
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref24
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref25
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref25
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref25
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref26
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref26
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref26
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref27
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref27
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref27
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref27
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref27
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref28
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref28
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref28
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref28
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref28
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref28
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref29
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref29
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref29
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref29
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref30
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref30
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref30
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref30
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref31
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref31
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref31
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref31
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref31
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref32
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref32
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref32
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref33
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref33
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref33
http://refhub.elsevier.com/S0002-8177(19)30004-2/sref33
http://jada.ada.org

	Effect of stannous fluoride and zinc phosphate dentifrice on dental plaque and gingivitis
	Methods
	Study design
	Inclusion criteria
	Exclusion criteria
	Clinical examination and instructions
	Statistical analysis

	Results
	Baseline
	3-Month follow-up
	6-Month follow-up

	Discussion
	Conclusions


