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Comparison of triclosan and stannous
fluoride dentifrices on parameters of
gingival inflammation and plaque
scores: a Systematic review and
meta-analysis

Abstract: Objective: To systematically review the literature to
compare the efficacy of triclosan (Tcs) and stannous fluoride (SnF)
dentifrices on parameters of gingivitis and plaque scores. Materials
and Methods: Medline, EMBASE and Cochrane Central Register of
Controlled Trials were searched up to March 2013 to identify
appropriate studies. Studies regarding self-performed manual
brushing by adults with a minimum 4 weeks of follow-up were
included. Primary outcomes were parameters of gingivitis. Secondary
outcome was plaque score. Results: Of 55 publications, 11 met the
eligibility criteria. Additionally, four unpublished papers were added
after contacting the manufacturers of the leading brands. In total, 15
studies [10 medium term and five long term (>6 months)] were
processed for data analysis. There was no difference in gingival index
(or its modification) between the two types of dentifrice [DiffM-0.04,
95% confidence interval Cl (—0.11; 0.04); P = 0.34]. The change in the
average gingival bleeding score was significantly in favour of SnF
[DiffM0.02, 95% CI (0.01; 0.02); P < 0.00001]. Plaque scores
demonstrated a statistical significant difference in favour of Tcs,
according to Quigley-Hein Plaque Index (Q&H PI; DiffM-0.29, 95% CI
[-0.45; —0.13]; P = 0.0004), but there was no difference according to
Rustogi Modified Navy Plaque Index (RMNPI) [DiffM-0.09, 95% CI
(—0.01; 0.18); P = 0.07]. Long-term results supported these findings.
Conclusions: In the context of inconclusive results for the primary
outcome variable of gingival health, it can be concluded that there was
a minor and most likely clinically insignificant difference between Tcs-
and SnF-containing dentifrices. Meta-analysis of plaque score
reduction was also inconclusive; whereas Tcs was more effective when
assessed by the Q&H PI, it was not when scored with the RMNPI.

Key words: bleeding; dentifrice; gingivitis; meta-analysis; plaque;
stannous fluoride; systematic review; toothpaste; triclosan

Introduction

Although a decline in the prevalence of dental caries over the last several
decades has been observed, the prevalence of gingivitis remains high (1).
Daily oral hygiene supports the maintenance of healthy marginal periodon-
tal tissues and dental hard tissues. This maintenance contributes to a gen-
eral feeling of well-being (2). The American Dental Association (ADA)
recommends twice daily brushing and once daily flossing as a regimen for
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good oral hygiene (3). The success of daily oral care depends on
the individual defence mechanism, as well as knowledge, dex-
terity and discipline (4). A dentifrice is recommended to support
the efficacy of tooth cleaning. Dentifrices are ideal vehicles for
the carriage of plaque control agents in common usage. Some of
their major ingredients include abrasives, detergents, thicken-
ers, sweeteners, humectants, flavours and actives, such as triclo-
san ("T'cs) and stannous fluorides (SnF) or other fluorides (5).

SnF was first added to dentifrice in the 1950s. Because of
tooth staining and its taste, it was reformulated in 1997 as stabi-
lized SnF; it still caused stains but was effective. More
recently, a dentifrice was introduced into the marketplace
(Crest® Pro-Health®; The Procter & Gamble Co., Cincinnati,
OH, USA). In addition to 0.45% SnF, it contained sodium
hexametaphosphate to facilitate the control of calculus and
extrinsic tooth staining (6, 7). Temporarily, the dentifrices
Crest® Gum Care (The Procter & Gamble Co.), additionally
containing stannous chloride and sodium gluconate, and Crest®
Plus Gum Care (The Procter & Gamble Co.) additionally con-
taining an abrasive silica base, were available on the market.

Triclosan (T'cs; 2,4,4" — trichloro-2'-hydroxy-diphenyl) is a
broad-spectrum antimicrobial with anti-inflammatory effects
because of its inhibition of the cyclooxygenase/lipoxygenase
pathway of arachidonic acid metabolism (8). Because of its low
substantivity and moderate effects on plaque formation, zinc
citrate was added for a synergistic effect, for example to Menta-
dent P (Elida Gibbs, London, UK; 0.3% "I'cs; 0.75% zinc citrate;
0.8% sodium fluoride). In the early 1990s, Colgate-Palmolive Co.
(New York, NY, USA) added a copolymer of polyvinyl-methyl-
ether and maleic acid (2.0% PVM/MA copolymer = Gantrez
copolymer) to a 0.3% T'cs and 0.243% sodium fluoride dentifrice
(Colgate® Total®; Colgate-Palmolive Co.; 9).

The long-term effects of T'cs on gingivitis and plaque reduc-
tion, compared with a conventional fluoride dentifrice, were con-
firmed by a systematic review (10). Similarly, these effects were
shown for SnF-containing dentifrice (11). However, to our knowl-
edge, no systematic review has been performed that has directly
compared the effectiveness of these two ingredients in dentifrices.
T'herefore, the aim of this review was to provide, based on the cur-
rently available literature, a systematic evaluation of the effective-
ness of a Tcs-containing dentifrice, compared with a SnF-
containing dentifrice, as an adjunct to toothbrushing with regard
to parameters of gingival inflammation and plaque scores.

Materials and methods
Focused PICO question

What are the effects of triclosan-containing dentifrices compared
with SnF-containing dentifrices on the parameters of gingivitis
and on plaque scores in healthy subjects aged at least 17 years?

Search strategy

Three Internet sources were searched for appropriate papers
that would satisfy the study purpose: the National Library of
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Medicine in Washington, DC (PubMed-MEDLINE), the
Cochrane Central Register of Controlled Trials and EMBASE.
All databases were searched for studies conducted during or
before March 2013. The structured search strategy was
designed to include any published paper that compared the
effects of 'T'cs-containing dentifrices and SnF-containing
dentifrices on plaque and gingival parameters. For details
regarding the search terms used, see Box 1. The reference lists
of the selected studies were screened for additional papers
that could meet the eligibility criteria of this study. In addi-
tion, the leading brands of SnF (Procter & Gamble, GABA,
New York, NY, USA) and T'cs dentifrices (Colgate-Palmolive
Co., Unilever) were contacted with requests to provide their
unpublished data as proposed by the Cochrane Handbook (12)

and Needleman (13).

Box 1

Search terms used for PubMed-MEDLINE, Cochrane
CENTRAL and EMBASE. The search strategy was custom-
ized according to each individualized database that was
searched. The following terms were used in the search strategy

{<Agent> AND <Intervention> AND <Control>}

{<Agent: [MeSh] toothpastes OR [text word] toothpaste OR dentifrice>

AND

<Intervention: [MeSh] Triclosan OR [text word] triclosan OR diphenyl
ether derivatives OR Colgate total OR Mentadent>

AND

<Control: [MeSh] Tin Fluorides OR [text word] stannous fluoride OR tin
fluoride OR stannic fluoride OR tin tetrafluoride OR tin difluoride OR inor-

ganic fluoride of tin OR Crest pro-health OR Crest gum care OR Crest plus
gum care>}

Eligibility criteria
The following eligibility criteria were applied:

® Randomized, controlled trials (RC'T's) or controlled clinical
trials (CC'T's);

® Manuscripts written in the English, German or Dutch
language;

® Studies conducted in humans >17 years old with good
general health;

® [nterventions using triclosan-containing ('T'cs) dentifrices;

® Comparisons with stannous fluoride-containing (SnF) denti-
frices;

® Only marketed dentifrices;

® Seclf-performed brushing with a manual toothbrush; and

® Parameters mentioned in studies with a 4-week minimum
duration (ADA guidelines on chemotherapeutic products
for control of gingivitis (14), that is, plaque, bleeding and
gingivitis).



Screening and selection

The papers were independently screened by three reviewers
(SS, GAW and DES), first by title and abstract. If the eligibil-
ity aspects were present in the title, the paper was selected. If
none of the eligibility aspects were mentioned in the title, the
abstract was read in detail to screen the article for suitability.
After selection, two reviewers (SS and DES) read the full-text
papers in detail. Disagreements were resolved by discussion. If
disagreement persisted, the judgment of a third reviewer
(GAW) was considered decisive.

Heterogeneity assessment

The following factors were used to evaluate the heterogeneity
of the different study outcomes:

Study design;
Interventions and regimens;
Clinical indices and

Funding sources.

Quality assessment

Two reviewers (DES, SS) scored the methodological quality of
the included studies. This quality was assessed according to
the method described by Keukenmeester ¢z @/. (15). In short,
when random allocation, defined eligibility criteria, blinding of
examiners, balanced experimental groups, identical treatment
between groups (except for the intervention) and follow-up
reporting were present, the study was classified as having a
low risk of bias. When one of these six criteria was missing,
the study was considered to have a moderate risk of bias.
When two or more of these criteria were missing, the study
was considered to have a high risk of bias, as proposed by Van
der Weijden ez al. (16).

Data extraction

From the collection of papers that met the inclusion criteria,
data were extracted with regard to the cffectiveness of self-
performed toothbrushing with Tcs- versus SnkF-containing
dentifrices. When intermediate assessments were presented,
the baseline and final evaluations were used for this review.
Mean values and standard deviations (SDs) were extracted
(SS, DES). Some studies provided standard errors (SEs) of the
means. When possible, the authors of this review calculated
standard deviation based on the sample size (SE = SD/\/N).

Data analysis

After a preliminary evaluation of the selected papers, consider-
able heterogeneity was observed regarding the study designs,
characteristics, outcome variables and results. Where appropri-
ate, a meta-analysis was performed, and differences in means
(DiftMs) were calculated using Review Manager software
(RevMan, version 5.1 for Windows, Copenhagen, Denmark:
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The Nordic Cochrane Centre, The Cochrane Collaboration,
2011) with either the fixed or ‘random effects’ model, as
appropriate. If there were four or more studies to be analysed,
the ‘random effects’ model was chosen to calculate the
weighted average of the treatment effects across the studies
(12). If there were fewer than four studies, the ‘fixed effects’
model was used (17). Not all studies could be included in the
quantitative analysis of the total body of evidence. Therefore,
data were also summarized using vote counting, and they are
presented in a descriptive manner.

To test whether the results of the different studies were
homogenous, the studies’ heterogeneity was assessed by the
chi-squared test and / statistic during the meta-analysis. A
chi-squared test resulting in P <0.1 was considered an
indication of significant statistical heterogeneity. [* yields a
quantitative indication of the comparability of studies in a
meta-analysis. An /* statistic of 0—40% is interpreted as not
important, and >40% indicates that moderate to considerable
heterogeneity might be present (18).

The ADA’s requirements for chemotherapeutic products in
the control of gingivitis demand a study period of 6 months to
evaluate efficacy (14). Further, they require an evaluation per-
iod of at least 4 weeks for adjunctive devices used to control
plaque and gingivitis (19). Because of limited available data,
the inclusion criterion for this review was set to a minimum
duration of 4 weeks. Therefore, a subanalysis was performed
for medium-term studies, compared with long-term studies
(lasting 6 months; 20).

Additionally, a subanalysis was performed for dentifrices con-
taining T'cs plus copolymer (Colgate® Total®) versus SnF plus
hexametaphosphate (Crest® Pro-Health®) in particular because
these combinations are found in the two leading products.

The formal testing for publication bias that was proposed by
Egger et al. (21) could not be used due to insufficient statisti-
cal power because <10 studies were included in the meta-
analysis (12).

Results
Search and selection results

The PubMed-MEDLINE, EMBASE and Cochrane CEN-
TRAL searches resulted (Fig. 1) in 55 unique papers, which
were screened by title and abstract. After full-text reading, four
papers were excluded (Table 1 shows the reasons for exclusion).
"This exclusion resulted in 11 full-text articles, plus an additional
four unpublished studies provided by Procter & Gamble Co.
Colgate and Unilever could not provide any unpublished work
for this review. Additional hand searching of the reference lists
of the selected studies yielded no additional papers.

Heterogeneity assessment of the selected studies

Considerable heterogeneity was observed with regard to the

study design, evaluation period, professional prophylaxis,

additional oral hygiene products used, funding sources and
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Fig 1. Flowchart of search, selection and analysis process.

clinical indices used. Information regarding the study charac-

teristics, including the study population, is shown in
Table 1.
Study design

When considering heterogeneity, the evaluation of balancing
and stratifying the participants is a critical feature. T'wo studies
did not mention whether the groups were balanced (22; He ],
Eynon H, Barker ML, Widmeyer V, Miner M, 2011, unpub-
lished data is selected for this systematic review). Some of the
studies stratified and balanced their subjects by demographic
data (23-25; He ], Eynon H, Barker ML, Widmeyer V, Miner
M, 2011; He T, Barker ML, Miner M, White DJ, Sharma N,
Quagish ], 2011; He T, Rooney ], Barker ML, Widmeyer V,
Miner M, 2011 these unpublished data’s are selected for this
systematic review). Other studies also stratified groups based on
clinical indices, such as gingival index and/or plaque index (23,
26-28). McClanahan balanced the subjects by gender and gingi-
vitis score after a 3-month pretest period. In three other studies,
the subjects were balanced only according to their baseline
plaque and gingivitis indices (9, 29, 30).

Differences were noted in the oral prophylaxis regimen.
Most of the trials did not mention oral prophylaxis before the
test period (22-28, 30-32; He ], Eynon H, Barker ML, Wid-
meyer V, Miner M, 2011; He T, Barker ML, Miner M, White
D], Sharma N, Quagqish J, 2011; He T, Rooney ], Barker ML,
Widmeyer V, Miner M, 2011
are selected for this systematic review). The subjects in the

these unpublished data’s
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McClanahan study were enrolled in a 3-month pretest period
and received oral prophylaxis before and after the pretest.
During this pretest period, the subjects were instructed to
brush at least twice daily for a minimum 1-min period with a
sodium-fluoride-containing dentifrice packaged in a white
tube.

The protocols showed further differences. Most of the stud-
ies evaluated overnight plaque formation (9, 22, 24, 28, 29; He
], Eynon H, Barker ML, Widmevyer V, Miner M, 2011; He T,
Barker ML, Miner M, White D], Sharma N, Quagqish ], 2011
these unpublished data’s are selected for this systematic
review). In these studies, the subjects were asked to refrain
from eating, drinking and smoking for 4 h prior to each study
examination. Only small sips of water were allowed. The sub-
jects in two other studies were not allowed to perform oral
hygiene or to consume anything at least 4 h prior to their
appointments (He T, Barker ML, Miner M, White D], Sharma
N, Quagqish ], 2011; He T, Rooney ], Barker ML, Widmeyer
V, Miner M, 2011 these unpublished data’s are selected for
this systematic review). The remaining studies did not
mention any specific requirements.

Interventions and regimens

Most participants in the studies selected for this review were
instructed to brush their teeth with either Tcs- or SnkF-con-
taining dentifrice twice daily for 1 min. In some studies, the
subjects in the test and control groups were given different
advice, for example, concerning the duration of brushing (23,
24, 32; He ], Eynon H, Barker ML, Widmeyer V, Miner M,
2011; He T, Rooney ], Barker ML, Widmeyer V, Miner M,
2011 these unpublished data’s are selected for this systematic
review) and the allowance of rinsing after brushing (23, 24; He
J, Eynon H, Barker ML, Widmeyer V, Miner M, 2011, unpub-
lished data is selected for this systematic review).

Within the groups, dentifrices dispensed differed in their
additional ingredients. In the Tcs (Colgate® Total®; Menta-
dent P, Church & Dwight Co. Inc., Princeton, NY, USA)
group, all of the dentifrices containing 0.3% T'cs also contained
sodium fluoride in various concentrations and additionally con-
tained either a copolymer or zinc citrate.

All dentifrices in the SnF group contained 0.454% SnF and
either sodium hexametaphosphate and zinc lactate (Crest®
Pro-Health; The Procter & Gamble Co.) or stannous chloride
and sodium gluconate (Crest® Gum Care; The Procter &
Gamble Co.), as well as a silica abrasive base (Crest® Plus
Gum Care; The Procter & Gamble Co.). In a study by He
et al. (2009, unpublished data is selected for this systematic
review), two different SnF- and sodium-hexametaphosphate-
containing dentifrices (Experimental L and H) were evaluated.
A request for more details revealed that the formulations were
only slightly different. Experimental H was not marketed and
therefore was not analysed in our study.

Manual toothbrushes were used in all studies except for the
study by Biesbrock ez a/. (28). Here, the control group was
subdivided into a group using a manual toothbrush with an
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angled bristle surface configuration and another using a pow-
ered toothbrush, whereas the Tcs group was provided with a
manual multilevel toothbrush. For a balanced comparison with
the other data, the powered toothbrush data were not entered
into the meta-analysis.

Most of the studies did not allow any additional oral hygiene
products, whereas one study allowed routine oral hygiene
procedures (29). Instructions differed mainly in their procure-
ment. Most of the studies mentioned only verbal instructions
and did not mention any monitoring. In some studies, the sub-
jects were supervised at baseline (He ], Eynon H, Barker ML,
Widmeyer V, Miner M, 2011; He T, Rooney ], Barker ML,
Widmeyer V, Miner M, 2011; He T, Barker ML, Ohmer B,
Widmeyer V, 2009 these unpublished data’s are selected
for this systematic review) and after 3 or 4 weeks (24, 28;
He ], Eynon H, Barker ML, Widmeyer V, Miner M, 2011; He
T, Rooney ], Barker ML,, Widmeyer V, Miner M, 2011; He T,
Barker ML, Ohmer B, Widmeyer V, 2009 these unpublished
data’s are selected for this systematic review) or twice daily at
the study site for 3 days each week (26). In two additional
studies, only the subjects in the T'cs group were supervised at
baseline (23, 32). Compliance in using the dentifrice was mon-
itored by Mankodi e /. (30) when the dentifrices were issued,
and the subjects returned their previous tubes. In another
study, compliance was monitored by a phone call at week 4.
In six studies, the patients in the test and control groups were
instructed differently (23, 24, 32; He ], Eynon H, Barker ML,
Widmeyer V, Miner M, 2011; He T, Barker ML, Miner M,
White DJ, Sharma N, Quaqish ], 2011; He T, Rooney ],
Barker ML, Widmeyer V, Miner M, 2011; He T, Barker ML,
Ohmer B, Widmeyer V, 2009 these unpublished data’s are
selected for this systematic review).

Clinical indices

In this review, different indices and their modifications were
used and are presented in the online Appendix S3A-D. Pla-
que was recorded either with the Turesky modification of the
Quigley—Hein Plaque Index (Q&H PI; 33) or the Rustogi
Modification of the Navy Plaque Index (RMNPI; 34).

For the gingival index, the Loe and Silness Indexes (35)
were recorded using the original version or a modified version:
the 1967 modification (36), Mandel-Chilton modification (37)
or Lobene modification (38). Bleeding was recorded in six stud-
ies using the number of sites based on either the Gingival
Index grade 2 or 3 or on the gingival bleeding index (GBI)
grade 1 or 2. Bleeding was evaluated based on the GBI (39) or
as the number of bleeding sites based either on the Gingival
Index grade 2 or 3 or on the GBI grade 1 or 2. Six studies pre-
sented data on the number of bleeding sites (23, 27, 32, 40; He
T, Rooney ], Barker ML, Widmeyer V, Miner M, 2011; He T,
Barker ML, Ohmer B, Widmeyer V, 2009 these unpublished
data’s are selected for this systematic review). Following our
inquiry, these data were re-analysed, and the percentage of
bleeding sites was subsequently provided by the authors to
allow for a proper comparison with the data from other studies.

Silzer et al. Triclosan versus stannous fluoride dentifrices

Funding source

Most of the studies mentioned some type of relationship
between the authors and the manufacturers of either the test
or control dentifrice. Twelve studies were industry funded
(nine by Procter & Gamble, three by Colgate-Palmolive). The
unpublished studies provided by Procter & Gamble did not
mention any sponsoring but were funded by the company.
Only the study by Owens (25) did not mention any sponsor-
ship or relationship with either product.

Quality assessment

Quality assessment parameters, including external, internal
and statistical validity, are shown in online Appendix S2.
Based on a summary of these criteria, the estimated risk of
bias was low to moderate.

Study outcomes

Changes within groups

Information regarding the study outcomes within groups is
presented in online Appendix S3A-D. A significant change
within the groups was observed in most of the studies. In the
McClanahan study, the plaque score was compared with the
situation after tooth cleaning; therefore, deterioration or
increased scores were observed. Both studies that evaluated
staining showed increases (27, 30).

Comparison between groups

Table 2 presents a summary of the descriptive data regarding
the significant differences between the Tecs and SnF groups.
Table 3 details the meta-analysis. For plaque reduction, Tcs
was significantly more effective than the SnF group in four
studies (9, 22, 29, 30), whereas in four other groups (24, 27,
28; He T, Barker ML, Miner M, White D], Sharma N,
Quagqish J, 2011, unpublished data is selected for this system-
atic review), the SnF-containing dentifrice was more effec-
tive. Two studies did not show any significant between-
group differences (25; He ], Eynon H, Barker ML, Widmey-
er V, Miner M, 2011, unpublished data is selected for this
systematic review).

Concerning average bleeding, five studies (23, 26, 27, 32;
He T, Rooney J, Barker ML, Widmeyer V, Miner M, 2011,
unpublished data is selected for this systematic review) found
a significantly greater reduction in bleeding tendency in the
SnF group. A statistically greater reduction in the gingival
index for the Tcs group was found in four studies (9, 22, 29,
30), and such a reduction was found in five studies for the
SnF group (23, 26, 27, 32; He 'I', Rooney ], Barker ML, Wid-
meyer V, Miner M, 2011, unpublished data is selected for this
systematic review).

For the parameters of gingivitis and plaque, a correlation
between the observed.

outcome and sponsorship was
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Table 2. A summary of statistical analysis outcomes of Triclosan compared with Stannous fluoride-containing dentifrice

Study Intervention Plague Score | Bleeding Score | Gingival Index Staining Control
Archila et al. - _ . -
(2004)

N :
Biesbrock et al.
(2007) 0

N n
He et al.
(2012b) o - - o
He et al. O _ _ g SnF + sodium
(2012b) hexametaphosphate
He et al. .
(2011a) UNPUBT = = 0
He et al. Tes o - - -
(2011b) UNPUBT
He et al.
(2009) UNPUBT B 0 0 B
Sharma et al. _ O O O
(2013)

B - N -
He et al. 5 . . 5
(2011c) UNPUBT
McClanahan et al. _ - - i
(1997)
Owens et al. o o o o SnF + sodium
(1997) hexametaphosphate
Tes* 0 o 0 u]

+, Intervention (Tcs) was significantly more effective; o, No data available; 0, No significant difference; —, Intervention was significantly less

effective; *, Additionally containing zinkcitrate; T unpublished data is selected for this systematic review;

Gamble; mmm Authors related to Colgate.

In contrast, the studies that did not mention any sponsorship
or that were unpublished did not favour either of the
products.

Both studies evaluating staining demonstrated that tooth
discoloration was significantly greater for the SnF group in
both studies. In the study by Mankodi ez a/. (30), of the 122
subjects, four participants who had been using an SnF-contain-
ing dentifrice dropped out of the study after 3 months due to
tooth staining.

Only one study (He T, Barker ML, Ohmer B, Widmeyer V,
2009, unpublished data is selected for this systematic review)
did not mention any adverse effects on oral hard or soft tis-
sues, and no study mentioned any product-related reasons for
withdrawal, other than staining. In a long-term study by He
et al., three of 205 subjects withdrew because of adverse
events (one from the T'cs group and two from the SnF group),
which were mild but not further specified. Possible/probable
treatment-related adverse events were presented by 11% of
the subjects in the Colgate® Total® group and 16% of patients
in the SnF group. Most of these adverse events (94%) con-
sisted of desquamation of the mucous membranes and hyper-
esthesia.

10 | 7ntJ Dent Hygiene 13, 2015; 1-17

Authors related to Procter &

Meta-analysis

A meta-analysis was performed to compare the effects of a
T'cs-containing dentifrice versus an SnF-containing dentifrice.
A summary is presented in Table 3. Further subanalysis was
performed to compare medium- and long-term studies, as well
as Tcs plus copolymer and SnF plus sodium hexametaphos-
phate (Colgate® Total® and Crest® Pro-Health®).

Overall analysis

Changes in the average bleeding scores were significantly in
favour with the SnF group [DiffM 0.02, 95% CI (0.01; 0.02);
P < 0.00001]. Assessing the Gingival index and its modifica-
tions resulted in a non-significant difference (DiffM —0.04,
95% CI —0.11; 0.04; P = 0.34). Focusing on the different mod-
ifications of the gingival index, only the Lobene modification
was significantly in favour of the SnF group, with a small
mean difference in means [DiffM 0.07, 95% CI (0.05; 0.09);
P < 0.00001].

With regard to plaque scores, seven studies evaluated the
Q&H PI, which showed beneficial effects for the Tcs group
[DifftM —0.29, 95% CI (—0.45; —0.13); P =0.0004]. In the



Table 3. Meta-analysis
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Index

Studies

Random/
Fixed

Time of
assessment

DiffM

95% ClI

Test for
overall

Test for

heterogeneity

effect (P) | P

P (%

(A) Overall: triclosan versus stannous fluoride

Gl (total)

Archila et al. (2004)
Ayad et al. (2010)
Biesbrock et al. (2007)
Boneta et al. (2010)
He et al. (2009)

He et al. (2011a)

He et al. (2012a)

He et al. (2012b)
Mankodi et al. (2002)
McClanahan et al. (1997)
Owens et al. (1997)
Owens et al. (1997)*
Singh et al. (2010)

Random

Base

End

0.00

—0.04

[-0.01; 0.02]

[~0.11; 0.04]

0.61 0.34 10

0.34 <0.001 97

Loe-Silness

Archila et al. (2004)
Ayad et al. (2010)
Biesbrock et al. (2007)
Boneta et al. (2010)
McClanahan et al. (1997)
Singh et al. (2010)

Random

Base

End

0.03

—0.09

[0.00; 0.05]

[~0.20; 0.03]

0.02 0.65 0

0.13 <0.001 95

Mandel-Chilton
Modification

Mankodi et al. (2002)
Owens et al. (1997)
Owens et al. (1997)*

Random

Base

End

—0.04

—0.08

[-0.08; —0.00]

[-0.28; 0.13]

0.05 0.99 0

0.45 <0.001 97

Lobene Modified
Gingival Index

He et al.
He et al.
He et al.
He et al.

2009)

2011b)
2012a)
2012b)

o~~~ —~

Random

Base

End

0.00

0.07

[-0.01; 0.02]

[0.05; 0.09]

<0.001

0.91 0.79 0

0.42 0

Average GBI
Bleeding

Archila et al. (2004)

He et al. (2009)

He et al. (2011c)

He et al. (2012a)

He et al. (2012b)
McClanaham et al. (1997)

Random

Base

End

Dif

0.00

0.02

0.02

[—0.00; 0.01]

[0.01; 0.03]

[0.01; 0.02]

<0.001

0.31 0.92 0

<0.001 0.01 67

0.26 23

PS

Q&H P
(1962)

Ayad et al. (2010)
Boneta et al. (2010)
Mankodi et al. (2002)
McClanahan et al. (1997)
Owens et al. (1997)
Owens et al. (1997)*
Singh et al. (2010)

Random

Base

End

0.03

-0.29

[—0.01; 0.08]

[~0.45; —0.13]

<0.001

0.16 0.61 0

<0.001 90

RMNPI

Biesbrock et al. (2007)
He et al. (2011a,b)

He et al. (2011c)
Sharma et al. (2013)

Random

Base

End

0.00

0.09

[-0.01; 0.01]

[-0.01; 0.18]

0.57 0.59 0

0.07 <0.001 97
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Table 3. (Continued)

four studies that assessed RMNPI scores, no statistically sig-
nificant differences were observed [DiffM —0.09, 95% CI
(—0.01; 0.18); P = 0.07]. Heterogeneity was significant for all
plaque and gingivitis parameters, except for the Lobene
Modified gingival index.

Subanalysis of study duration

The long-term data (duration >6 months) supported the find-
ings of the primary meta-analysis. As for the overall analysis, a
minor but statistically significant difference was found in the
change in average bleeding sites [DiffM 0.02, 95% CI (—0.01;

12 | Int J Dent Hygiene 13, 2015; 1-17

Test for
Testfor | heterogeneity
Random/| Time of overall _
Index Studies Fixed assessment | DiffM 95% CI effect(P) | P P (%
(B) Subanalysis on study duration analysing long-term studies (~6 months)
Archila (2004) ]
Boneta (2010) Base —0.01 [-0.08; 0.02] 0.50 0.38 5
Gl (total) He (2009) Random
Mankodi (2002) End —0.06 [-0.23; 0.10] 0.44 <0.001 97
McClanahan (1997)
A GBI Archila (2004) Base 0.01 [-0.01; 0.02] 0.28 0.77 0
é‘frag.e He (2009) Random | End 002 | [-0.00; 0.04] 0.08 0006 | 80
eeding McClanaham (1997) Dif 0.02 | [0.01;0.04] 0.008 0.23 33
Boneta (2010) Base -0.04 [-0.12; —0.05] 0.40 0.99 0
PS Q&M PI Mankodi (2002) Fixed
(1962) McClanahan (1997) End -0.26 [-0.34; —0.18] | <0.001 <0.001 93
(C) Subanalysis in BRAND: Colgate® Total® versus Crest® Pro-Health®
Archila et al. (2004)
Ayad et al. (2010) Base 0.01 [—0.00; 0.03] 0.12 0.57 0
Biesbrock et al. (2007)
Boneta et al. (2010)
| I R
Gl (total) He et al. (2009) andom
He et al. (2012a)
He et al. (2012b) End -0.04 [—0.13; 0.05] 0.41 <0.001 96
Singh et al. (2010)
Archila et al. (2004) Base 0.00 [-0.01; 0.01] 0.64 0.91 0
Average GBI He et al. (2009) Random | End 0.02 | [0.00;0.04] 0.02 0.004 | 78
Bleeding He et al. (2012a)
He et al. (2012b) Dif 0.02 [0.01; 0.03] <0.001 0.39 0
Ayad et al. (2010) Base 0.038 [-0.04; 0.11] 0.36 0.76 0
Pfggz&H PI Boneta et al. (2010) Fixed
( ) Singh et al. (2010) End —0.45 [-0.55; —0.35] | <0.001 0.28 21
Biesbrock et al. (2007) Base 0.00 [-0.01; 0.01] 0.57 0.59 0
RMNPI He et al. (2011a,b)
He et al. (2011c) Random | pngq 0.09 [-0.01; 0.18] 0.07 <0.001 97
Sharma et al. (2013)
DiffM, difference in means; CI, confidence interval; Gl, gingival index; GBI, gingival bleeding index; PS, plaque scores; *, Additionally
containing zinkcitrate Base, baseline investigation; End, end of investigation; Dif, difference between baseline and end of investigation.

0.03); P <0.001]. The gingival index and its modifications
were consistently not different between the groups [DiffM
—0.06, 95% CI (—0.23; 0.10); P = 0.44].

The Q&H PI outcome was significantly in favour with the
Tes group [DiffM —0.26, 95% CI (—0.34; —0.18); P < 0.00001].
No studies evaluating plaque according to the RMNPI were
included in this subanalysis.

Subanalysis of two specific formulations

Comparing the change in average bleeding with Colgate®
Total® and Crest® Pro-Health® in a subanalysis, a significant



Table 4. GRADE evidence profile of the difference between
Tes and SnF-containing dentifrices in relation to the indices

evaluated
Bleeding
Outcome Gingival Index score Plaque score
Risk of bias Moderate Moderate Moderate
Consistency Inconsistent Consistent Inconsistent
Directness Possibly Generalizable Possibly
generalizable generalizable
Precision Moderate Good Moderate
Publication Possible Possible Possible
bias/Limitation
Strength of Weak Moderate Weak

recommendation

difference in favour with SnF was demonstrated [DiffM 0.02,
95% CI (0.01; 0.03); P < 0.00001]. As for the overall analysis,
the gingival index did not show a difference for the subanaly-
sis of brands [DiffM —0.04, 95% CI (—0.13; 0.05); P = 0.41].
The Q&H PI outcome was significantly in favour of Tcs
[DiffM —0.45, 95% CI (—0.55; —0.35); P < 0.00001]. The data
with regard to the RMNPI did not change because the studies
included in the overall analysis and in the subanalyses were
identical.

Grading the ‘body of evidence’

Table 4 shows a summary of the various aspects that were
used to rate the quality of the evidence and the strength of
the recommendations according to GRADE (41).

The data were generally estimated to have a moderate risk
of bias and possible publication bias. The data for the gingival
index and plaque scores were inconsistent. These findings led
to the conclusion that the strength of recommendation was
considered to be ‘weak’ for the gingival index and the plaque
scores and to be ‘moderate’ for bleeding. As the results were
inconclusive for the different parameters evaluated, the recom-
mendation to prefer either Tcs- or SnF-containing dentifrice
was considered ‘weak’.

Discussion

Colgate® Total® and Crest® Pro-Health® are the only two
dentifrices with antiplaque and antigingivitis properties
accepted by the ADA (42). This systematic review was
conducted to compare the effectiveness of a T'cs-containing
dentifrice and SnF-containing dentifrices with regard to gin-
givitis and plaque scores based on the currently available lit-
erature. The efficacy of the separate therapeutic agents was
already proven to be superior compared with a control based
on ecarlier systematic reviews (10, 11, 20, 43). The present
study was a systematic review of head-to-head comparisons.
The determination of the therapeutic relevance of the clini-
cal effects of SnF versus T'cs formulations for the reduction
in gingivitis is more relevant in a direct comparison of the
products.
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Study characteristics: study quality assessment

All studies included in this review were RCTs. Nonetheless,
further data analysis revealed differences in the quality of the
study designs, for example, in the balancing of groups, per-
centage of dropouts and reported loss to follow-up. In the
study by Biesbrock (28), the conditions were different, apart
from the dentifrice intervention, as different types of manual
toothbrushes were used (angled in the SnF group and waved
in the Tcs group), which might have led to additional differ-
ences in outcomes. Slot ¢/ a/. (44) have shown that the effect
of mechanical brushing is diverse and depends on the tooth-
brush type used. Chemical plaque inhibition could provide an
additional benefit with respect to plaque reduction.

Furthermore, different instructions given to each group in
some studies might have influenced the results (23, 24, 32; He
], Eynon H, Barker ML, Widmeyer V, Miner M, 2011; He T,
Barker ML, Miner M, White D], Sharma N, Quagqish ], 2011;
He T, Rooney ], Barker ML, Widmeyer V, Miner M, 2011
these unpublished data’s are selected for this systematic
review). Furthermore, the study duration varied considerably
between studies. Therefore, a subanalysis of long-term
(>6 months) studies was performed. Further differences were
noted in the statistics, for example, per protocol or intention-
to-treat analyses. None of the studies provided information
regarding allocation concealment or sample size calculation.
Assessing quality is important in interpreting differences in
outcomes and in limiting bias in systematic reviews. As all
studies provided information on sample size, outcomes and
standard errors/deviations, a meta-analysis could be performed,
but the studies were separately analysed based on the index
used.

No significant differences between groups were observed at
baseline. Therefore, the differences revealed in the meta-
analysis at the end of the study demonstrated true differences
in outcomes of the investigated products. Heterogeneity was
significant for all the plaque indices and for the gingivitis
index, with 7% showing values of 90-97%.

Further bias might have been related to the funding by
industry. Only one study (25) did not mention a relationship
between the authors and manufacturers. Correlations between
funding by industry and study outcomes have been frequently
observed in the literature (45-47), but this correlation has not
been generally observed (48). In this review, the studies that
did not show any between-group differences were either not
related to the industry or were unpublished. Moreover, Khan
et al. (48) demonstrated that studies funded by the industry
were more likely not to be published. The clinical investiga-
tion of the included studies was performed either at a univer-
sity setting or a research centre. Whether this introduced a
publication bias could not be assessed.

Compliance
The compliance of the given protocols should be considered

as an important factor in the study outcomes. Only a few stud-
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ies mentioned that compliance was evaluated. Although Man-
kodi ez a/. (30) monitored the use of dentifrice by evaluating
the returned tubes, they did not mention any outcomes related
to compliance. Other studies randomly controlled compliance
through monitoring at certain time intervals (24, 40, 49; He ],
Eynon H, Barker ML, Widmeyer V, Miner M, 2011, unpub-
lished data is selected for this systematic review). However,
once again, none of the studies mentioned compliance
outcomes.

Considering compliance, the Hawthorne effect plays a role
in evaluating prospective studies. The subjects are likely to
having changed their behaviour in the regarded studies. These
behavioural changes are most obvious at the beginnings of the
studies (16). Note that in an attempt to reduce the Hawthorne
effect, a pretest was performed in the McClanahan study (27).
During this 3-month period, the subjects were provided with a
sodium fluoride dentifrice packaged in uniquely labelled, iden-
tical white tubes, which mimicked the appearance of the tubes
that were subsequently used for the test products during the
treatment phase of the study. The Hawthorne effect might
possibly have abated in the five long-term studies.

Only five studies (9, 25, 27, 29; He 'I', Rooney ], Barker
ML, Widmeyer V, Miner M, 2011, unpublished data is
selected for this systematic review) evaluated a negative
control group provided with a sodium-fluoride-containing den-
tifrice in their study designs. A missing negative control arm
might have biased the analysis because an improvement might
have been observed as well in a negative control group. This
fact is most likely due to the Hawthorne effect. As we evalu-
ated head-to-head comparisons, this effect should have had a
similar influence on both of the evaluated groups. Neverthe-
less, a true estimate of the antigingivitis and antiplaque effects
cannot be obtained without a negative control group. The
ADA guidelines (14) on chemotherapeutic products for the
control of gingivitis (mentioned earlier) also consider antigingi-
vitis agents compared with a negative control.

Formulations

T'he higher substantivity of a dentifrice aligns with the longer
effectiveness of the active ingredients. Therefore, the proper-
ties of the active ingredient and its substantivity should be
considered as discriminating factors.

Sodium hexametaphosphate seems to influence the proper-
ties of SnF-containing dentifrices with regard to substantivity,
staining and calculus formation (50). Sodium hexametaphos-
phate is supposed to provide stronger attraction to calcium
hydroxyapatite in enamel and dentin, thereby resulting in
greater substantivity and an increase calcium hydroxyapatite’s
potential to prevent crystallization on the enamel surface (i.c.
calculus prevention) and stain-chromogen adsorption (50).

The improved efficacy and enhanced substantivity when
PVM/MA is added to a 'I'cs-containing dentifrice have been
demonstrated by several studies (51-53). This copolymer,
when combined with T'cs, ensures the delivery and retention
of the T'cs on the enamel and epithelial cells (51, 54).
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In combination with zinc citrate, T'cs does not seem to be
as effective as when is formulated with Gantrez. Its effect ver-
sus a control was shown to be non-significant (20). Subse-
quently, a subanalysis of Tcs plus copolymer-containing
dentifrices was performed in the meta-analysis.

I'cs was clinically proved to reduce plaque and gingivitis in
an adult population. It is a bisphenolic antibacterial agent,
which has low toxicity and a broad spectrum of activity, being
effective against both Gram-positive and Gram-negative bacte-
ria (55). According to Fine ¢z al. (56), the antimicrobial effects
of T'cs seem to be greater than those of SnF-containing denti-
frices. Fine e a/. compared the reduction in six microbial
groups from four sites (i.e. plaque, saliva, the tongue and the
buccal mucosa) after brushing with a Tcs-, SnF- or sodium-
fluoride-containing dentifrice for 2 weeks. They found a sus-
tained and significantly greater reduction in all of the microbial
groups evaluated in all four oral environments. This finding is
also reflected in the meta-analysis of this review, in which the
effect on plaque score was greater with T'cs dentifrices.

Efficacy data

According to the acceptance program guidelines for chemo-
therapeutic products for the control of gingivitis, published by
the ADA and the Council on Dental Therapeutics (14), a
tested product should demonstrate a >15% reduction in gingi-
vitis in terms of efficacy, compared with a control product.
Therefore, the minor but significant difference in bleeding
index of 0.02 seemed to be clinically negligible.

The two different indices used in the selected studies to
evaluate the level of plaque accumulation demonstrated incon-
clusive results. The Q&H PI outcome was significantly in
favour with Tcs. This finding corroborates the findings of
Barnes ¢z al., in whose 24-h plaque study the changes in the
Modified Gingival Margin Plaque Index were smaller in the
Colgate® Total® group, compared with the Crest® Pro-Health®
group (57). Despite these findings, the RMNPI outcome did
not demonstrate any difference between T'cs and SnF. Differ-
ent outcomes, depending on the index, were supported by
Biesbrock ez al. (49), who found numerically higher values for
the Q&H PI, compared with the RMNPI. This difference was
also discussed by Slot ez a/. (44). A full explanation for this find-
ing could not be provided. Whether the indices analysed in this
systematic review are sensitive enough cannot be stated based
on this systematic review, but all of them are however com-
monly used in dentistry for this particular purpose.

Adverse events

Staining is a known complication with SnF-containing denti-
frices (11). Adding hexametaphosphate to the SnF dentifrice
formulation appears to reduce this risk. He ez @/. (31) demon-
strated, in a randomized, CC'T, no statistically significant differ-
ences in the Lobene Staining Index over 5 weeks between
Colgate® Total and SnF-containing dentifrices. This finding
correlated with Schiff ez @/., who found only a minor increase



after 6 months (58). Two of the included studies showed less
staining with T'cs, compared with SnF-containing dentifrices.
In contrast, we found less staining for the T'cs-containing denti-
frice in both studies that investigated staining (27, 30). These
conflicting outcomes might find their origin in the duration of
these two studies because the observation periods were
>6 months. In a study by Paraskevas (59), 301 subjects, using
either amine fluoride/SnF dentifrice and mouth rinse or a regu-
lar sodium fluoride dentifrice, demonstrated a significantly
greater increase in staining for the SnF group. In this study, five
subjects in this group discontinued the study because they felt
that the staining was interfering with their social lives. Another
15 dropped out from either of the groups for unknown reasons.
According to a systematic review of T'cs-containing dentifrices,
the dropouts ranged from 1% to 13% and were all non-product-
related; no adverse events were reported (43).

The environmental and health effects of Tcs have been
widely discussed (60, 61). However, there has been no evidence
that T'cs is hazardous to humans. Some animal studies have
demonstrated an alteration in hormone regulation. Furthermore,
T'es might influence bacterial resistance. T'cs is included in
many products in addition to dentifrices, such as soaps, deodor-
ants, toys and kitchen utensils (60, 61). As only small amounts
of dentifrices containing 0.3% I'cs are used, the total amount of
Tecs used in dentifrices is comparatively low. Nevertheless,
because of the above-mentioned concerns, SnF-containing den-
tifrices might be privileged in case of similar clinical results.

Limitations

*Although the major databases were used for the literature
search, papers might have been missed because they were
either not listed in these sources or because they were
published in languages other than English, Dutch or German.

*The four manuscripts with unpublished data that were
supplied by the manufacturer did not face a peer-review
process, which could introduce a bias. However, a detailed
quality assessment (online Appendix S2) of all included
studies has been performed.

*This review was also intended to address the parameters of
gingivitis in some studies; specifically, it was not clear
whether the selected subjects were true gingivitis patients.
The inclusion criteria ranged from the absence of the
description to the lack of advanced or untreated periodonti-
tis. 'This limitation hampers any extrapolation to subjects
with only gingivitis.

*Various toothbrush types were used in the studies included
and therefore evaluation of the added benefit of the toothpaste
between studies might be influenced by this diversity.

Recommendation for further research:

This review assessed the added effect of SnF and Triclosan
over the effect of mechanical toothbrushing alone. Future
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studies should address standardization of toothbrushing tech-
niques and the quality of the toothbrush itself.

Conclusion

In the context of the inconclusive results for the primary out-
come variable of gingival health, it can be concluded that
there was a minor and, most likely, clinically insignificant
difference between T'cs- and SnF-containing dentifrices.

The meta-analysis of plaque reduction was also inconclu-
sive; whereas T'cs was more effective as assessed according to
the Q&H PI, the plaque scores did not substantiate this find-
ing when scored according to the RMNPI.
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