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The effectiveness of
self-performed mechanical
plaque control with triclosan
containing dentifrices

Abstract: Objective: To assess the effectiveness of self-
performed mechanical plaque control with triclosan (5-chloro-
2-(2,4 dichlorophenoxy)phenol) containing dentifrice. Search
strategy: An electronic search of the National Library of
Medicine, Washington DC (Medline-PubMed; up to and
including March 2005) was performed using specific search
terms to identify clinical trials of >6 months in duration, which
assessed the effect of various forms of plaque control in
gingivitis subjects. In those trials the manual toothbrush
group (frequently the control group) served to provide data
for the assessment of the effectiveness of self-performed
mechanical plaque control with a triclosan-containing
dentifrice. The data were analysed depending on the
(baseline) intervention, being either a professional oral
hygiene instructions, a prophylaxis, or both. Data collection
and analysis: Two reviewers extracted information (KPKJH
and GAW). Where appropriate plaque and gingivitis data for
baseline and end-trial were used to calculate weighted mean
differences (WMD) with the appropriate 95% confidence
intervals (Cl) using a random effect models. Main results: Of
105 titles and abstracts, 18 trials were found suitable for
clinical data were extracted. Meta-analysis were conducted.
In studies (n = 9) evaluating a triclosan/copolymer dentifrice,
plaque control [Quigley and Hein (1962) Journal of American
Dental Association, Vol. 65: pp. 26-29] was significantly
improved compared with a control fluoride dentifrice, with a
WMD of —0.48 (95% CI: —0.73 to —0.24). For gingival inflam-
mation as assessed with the gingival index [Lée and Silness
(1963) Acta Odontologica Scandinavica, Vol. 21: pp. 533-
551] a significant WMD of —0.24 (95% CI: —-0.35 to —-0.13)
was found. From studies (n = 6) evaluating the Triclosan
zinc/citrate dentifrices a small but significant WMD for plaque
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control [Silness and Loe (1964) Acta Odontologica Scandi-

navica, Vol. 22: pp. 121-135] was observed in favour of the

test group as compared with the standard fluoride dentifrice
formulations (WMD -0.07, 95% CI: —0.10 to 0.05). While at
baseline the proportion of bleeding was comparable, at the
end of the studies a significant —10.81% WMD (95% ClI:
—12.69 to —8.93) in favour of the triclosan/zinc citrate denti-

frice was observed. Conclusion: This systematic review

indicates, based on studies =6 months of duration in adults

with gingivitis, that the effectiveness of self-performed

mechanical plaque control with a triclosan-containing denti-

frice, had a significant albeit small positive effect on the
reduction of plaque and gingivitis.

Key words: bleeding; gingivitis; manual toothbrush; meta-

analysis; oral hygiene; plague; systematic review; triclosan

Introduction

Improved control of bacterial plaque deposits on teeth in
humans is both necessary to maintain oral health and, to the
individual, socially desirable. In the absence of any oral hygiene
measures or professional dental intervention, the dentition
becomes largely covered with bacterial plaque deposits. Conse-
quently gingivitis develops within several days (1) and the risk
of differential bacterial growth, selection of periodontal patho-
genic microorganisms, and manifest periodontitis gradually
increases. The importance of oral hygiene has been known for
centuries, although the role of plaque as the major aetiological
factor in gingivitis was not recognized until Lée ez a/. (1) convin-
cingly demonstrated the relationship in the first experimental
gingivitis model study. Several studies have demonstrated that
in both children (2) and adults (3) plaque control can be conside-
rably improved by mechanical oral hygiene measures to the
extent that gingivitis is almost eliminated. The major elements
in the programme appear to be the frequent reinforcement of an
oral hygiene regime, the interpersonal relationships and the
skills of the oral hygiene instructors. Armed with this knowledge
prevention became a major issue of dental treatment. Patients
were urged to brush twice a day and the public was encouraged
to improve their oral hygiene habits.

Enthusiastic use of the toothbrush is not, however, synony-
mous with a high standard of oral hygiene. It appears that most
patients are not able to achieve total plaque control at each
cleaning. De la Rosa er a/. (4) studied the pattern of plaque
accumulation and removal with daily toothbrushing during a

28-day period following prophylaxis. On average about 60% of

the plaque was left after brushing. Morris e7 /. (5) reports on
the 1998 UK Adult Dental Health survey. The mean propor-
tion of teeth with plaque increased from 30% in the 25 to
34-year age group to 44% in those aged 65 years and above.

At ACTA a study was conducted which assessed the efficacy
of a single 1-min brushing exercise in subjects adhering to
their customary brushing method (6). T'wo observations from
this study stood out. One of these, not reported in the paper,
was that almost half of the subjects complained that they had
never brushed this long. This emphasizes what has been
addressed above concerning brushing time (7). The other
reported observation was that after the 1-min of brushing
approximately 39% of the plaque had been removed.

The results of these studies indicate that on average people
are not effective brushers and probably live with large amounts
of plaque on their teeth constantly, although they brush once
every day.

The dentifrice, in addition to the toothbrush, forms an
integral part of most oral hygiene regimes and it is appropriate
to consider the role of this aid in plaque control.

In an effort to improve the effectiveness of plaque control
and periodontal health triclosan (5-chloro-2-(2,4 dichlorophen-
oxy)phenol), a broad-spectrum antibacterial agent, has been
added to dentifrices. The most widely available antimicrobial
dentifrices contain triclosan and these have been studied in
the greatest detail. Being non-ionic, triclosan is compatible
with dentifrice formulations and has reasonable substantivity.
It is detectable on the oral mucosa and in dental plaque at
least 3 and 8 h, respectively, after use (8). It is a broad-spec-

trum antimicrobial agent, active against all the major plaque
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bacteria (9). The use of triclosan-containing products has been
associated with very few adverse side-effects (10). Triclosan
alone has only moderate antiplaque properties (11, 12). One
approach to boost its clinical effectiveness was to increase the
retention of triclosan in the mouth by the addition of either
polyvinyl-methyl ether maleic acid copolymer, zinc citrate or
pyrophosphate.

The present review was initiated to assess the effect of man-
ual toothbrushing with a triclosan containing dentifrice on gin-
papers, which

investigated the effect of mechanical oral hygiene using a tri-

givitis. It systematically searched for
closan containing dentifrice, with respect to gingivitis and pla-
que control in subjects without periodontitis in studies of at

least 6-month duration.

Material and Methods
Focused question

The aim of this study was to assess the effectiveness of self-
performed mechanical plaque control with dentifrices contain-
ing triclosan in adults with gingivitis using a manual
toothbrush with respect to the level of plaque and gingivitis in

controlled studies of at least 6-month duration.

Search strategy

This review was conducted using the methodology developed
by the Cochrane collaboration. One sources of evidence was
selected in search of appropriate papers for this study purpose:
The national Library of Medicine, Washington DC (MED-
LINE-PubMed).

This search was performed attempting to be inclusive for
any study, which evaluated the effect of various forms of pla-
que control in gingivitis subjects in studies of 26-month dur-
ation. From those trials data were extracted with regard to
the effectiveness of self-performed mechanical plaque control
using a triclosan containing dentifrice in comparison to a con-
trol treatment. The data were analysed depending on the
(baseline) intervention, being either a professional oral
hygiene instructions, a prophylaxis, or both. The comprehen-
sive search in a systematic review process ensures inclusion
of all suitable papers which address the review question. The
database was searched up to and including April 2005 using
the following terms for the search strategy:

e (Intervention) [Mesh terms] Triclosan/all subheadings OR

[Text Word] Triclosan

AND
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e (Intervention) [MeSH terms] Oral hygiene/all subheadings
OR Oral Hygiene Index/all subheadings OR [Text Words]
mechanical plaque control OR plaque removal OR plaque
control OR dental plaque control OR dental plaque removal
OR mechanical plaque removal OR toothbrusing OR tooth-
brush OR oral hygiene

AND

(Outcome) [MeSH terms] Gingivitis/all subheadings OR
Gingivitis, Necrotizing Ulcerative/all subheadings OR Gingi-

val Hemorrhage/all subheadings OR [Text Words] gingivitis
OR gingival hemorrhage OR gingival bleeding OR gingival
disease.

Eligibility criteria were:

e randomized controlled trials and controlled clinical trials,

studies at least 6 months of duration,
¢ no periodontal disease,
e subjects 218 years of age in good general health.

Only papers written in English language were accepted.
Case reports, letters and historical reviews were not included
in the search. Papers without abstracts of which the title sug-
gested that they were related to the objectives of this review
were selected to screen the full text.

Factors that were recorded to be able to investigate hetero-
geneity of the primary outcome across studies:

e evaluation period,

e number of subjects,

e mean age and range of subjects,

e oral hygiene instruction/reinforcement during the study
examinations,

e prophylactic intervention.
prophy

Screening and selection of papers

The papers were screened independently by two reviewers
(KPKJH and GAW). At first they were screened by title and
abstract. Then as a second step, full text papers were screened
and selected when they fulfilled the eligibility criteria for
inclusion. Any disagreements between the two reviewers were
resolved by discussion.

For full-text screening the following criteria were taken into
consideration:
e study of > 6-month duration,
e randomized controlled trial or controlled clinical trial,
e prospective clinical study,
e parameters mentioned: gingivitis, plaque,
e healthy subjects 218 years,
e manual toothbrushing (with or without interdental),

e triclosan dentifrice.



Statistical analysis

By data extraction mean values and standard deviations (SD)
or standard error of the mean (SE) were collected. Few
papers provided data of increments during the experimental
period. All other papers supplied data for baseline and end-
trial assessments. Consequently, it was not possible to per-
form a meta-analysis on incremental data. Therefore where
appropriate, data for baseline and end trial were presented
separately. An analysis for both time points was performed.
Weighted mean differences (WMD) were calculated by
means of the Review Manager 4.2 software of the Cochrane
Collaboration using a random effect approach as presented in
Figs 1-4.

Results

The search strategy produced 105 citations, 18 of which were
identified as eligible for inclusion in this review according to
the defined criteria for study design, participants, interventions
and outcomes (see Table 1). All 18 trials were (randomized)
controlled clinical studies and involved adults (aged 18 years

or more) with plaque and gingivitis.
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Tables 2, 3 and 4 show the results of the data extraction.
Selected studies were 6—12 months of duration. Randomization
procedures were not addressed in six papers. In 17 of the stud-
ies, participants in test and control group received a profes-
sional prophylaxis at the start of the study. In one study no
prophylaxis was undertaken prior to commencement. Tooth-
brushing frequency was twice daily in all of the 18 studies.

In 12 trials the level of supragingival plaque was scored using
the Quigley and Hein Plaque Index (13) Turesky modification
(14) predominantly in combination with an assessment of gingi-
val inflammation by the Loée and Silness Gingival Index (15)
Talbott modification (16). In six studies the Silness and Loe Pla-
que Index was used, most frequently in combination with a
bleeding score as the parameter for gingivitis (17, 18, 19).

The collective data of the studies allowed for various meta-
analyses using a random effects model, as illustrated in Figs 1-4,
studies 5, 12 and 18 were unsuitable for further analysis due to
their choice of plaque and gingivitis indices and/or the lack of
SD/SE. Figs 1 and 2 show the results for the triclosan/copolymer
dentifrice (# = 9) (studies 2, 6, 7, 8,9, 13, 15, 16, 17; Tables 2, 3
and 4). Figure 1 illustrates that the levels of plaque (Quigley
and Hein) at baseline in the test and control group (standard

fluoride dentifrice either NaF or MFP), both groups using a

Plaque
Authors BASELINE END-TRIAL
WD (random) WD (rancorm)
95% Cl 95% |

Quigley & Hein, Turesky
modification:

-
Bolden et al. (1992)
McClanahan et al. (1997) - "
Garcia-Godoy et al. (1990) .
Deasy et al. (1991) =
Denepitiya et al. (1992) -
Mankodi et al. (1992) =
Kanchanakamol et al. (1995) -
Allen et al. (2002) -
Triratana et al. (2002) -

-4 -2 ] 2 4 -4 -2 0 2 4
Favours treament Favours control Favours treament Favours control
WMD 0.01¢ [-0.03 <> 0.05], P=0.72 WMD -0.48¢ [-0.73 <> —0.24], P<0.0001
Test for heterogeneity P=0.98, I* = 0% Test for heterogeneity P<0.00001, 1> = 97.2%

Fig 1. Plaque data for the studies using the Triclosan/copolymer dentifrice formulations. Forrest-plot demonstrating baseline and end values for

the Quigley and Hein (13) Plaque Index (Turesky modification, 1970). The size of the box signifies the ‘weight’ or importance of the study.
Weighted mean differences (WMD = ¢) between test and control group are provided including the 95% confidence interval (CI).
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Gingivitis
Authors BASELINE END-TRIAL
WD (Fandom) WD (random)
95% Cl 95% CI
GIL:
Denepitiya et al. (1992) -
&
GI, Talbott modification:
Bolden et al. (1992) )
McClanahan et al. (1997) 1
Garcia-Godoy et al. (1990) g
Deasy et al. (1991) Vgl
Mankodi et al. (1992) ™
Kanchanakamol et al. (1995) *
Allen et al. (2002) —_
Triratana et al. (2002) -
-
-
-1 -5 0 05 1 o 05 0 05 1
Favours treament Favours control Favours treament Favours control
WMD -0.01¢ [-0.03 <> 0.01], P=0.30 WMD -0.24+ [-0.35 <> -0.13], P<0.0001
Test for heterogeneity P=1.00, I? = 0% Test for heterogeneity P<0.00001, I? = 98.3%

Fig 2. Gingivitis data for the studies using Tricolsan/copolymer dentifrice formulations. Forrest-plot demonstrating baseline and end values for the
Gingival Index (15) (Talbott modification, 1977). The size of the box signifies the ‘weight’ or importance of the study. Weighted mean differences
(WMD = ¢) between test and control group are provided including the 95% confidence interval (CI).

Plaque
Authors BASELINE END-TRIAL

TN WiMD (random)
Plague Index: 95% O 95% ¢

Svatun et al. (1989b)
Stephen et al. (1990)
Svatun et al. (1990)
Svatun et al. (1993a)
Svatun et al. (1993b)
Renvert & Birkhed (1995)

RILEL

-

5 05 0 05 1

-1 -04a 1] 05 1
Favours treament Favours control Favours treament Favours control
WMD 0.00+ [-0.04 <> 0.03], P=0.85 WMD -0.07+ [-0.10 <> -0.05], P<0.00001
Test for heterogeneity P=1.00, I? = 0% Test for heterogeneity P=0.53, I* = 0%

Fig 3. Plaque data for the studies using the Triclosan/zinc citrate dentifrice formulations. Forrest-plot demonstrating baseline and end values for
the Plaque Index (59). The size of the box signifies the ‘weight’ or importance of the study. Weighted mean differences (WMD = ) between
test and control group are provided including the 95% confidence interval (CI).
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Gingivitis
Authors BASELINE END-TRIAL
WahiD (randam) WD (ranclam)
% Bleeding: 95% Cl 95% I
Stephen et al. (1990) u
Svatun et al. (1990) -
Svatun et al. (1993a) =
Svatun et al. (1993b) .
¢
100 50 0 50 100 -5 0 50 100
Favours treament Favours control Favours treament Favours control
WMD 0.83¢ [-1.37 <> 3.03], P=0.46 WMD -10.81¢ [-12.69 <> -8.93], P<0.00001
Test for heterogeneity P=0.98, P = 0% Test for heterogeneity P=0.48, I* = 0%

Fig 4. Gingivitis data for the studies using the Triclosan/zinc citrate dentifrice formulations. Forrest-plot demonstrating baseline and end values for

the% bleeding on probing. The size of the box signifies the ‘weight’ or importance of the study. Weighted mean differences (WMD = )
between test and control group are provided including the 95% confidence interval (CI).

Table 1. Search results

Titles and abstracts 105
Selected papers for full reading 25
Excluded for the following reason 7 (in total)
Inadequate data presentation 5
No plaque and gingivitis data 1
No control group 1
Final selection 18

manual toothbrush, were comparable with a WMD of 0.01. At
the end of the study duration the level of plaque improved in
favour of the triclosan/copolymer group with a significant WMD
of 0.48. The meta-analyses for the Gingival Index (L6e and Sil-
ness) as illustrated in Fig. 2 shows that the triclosan/copolymer
dentifrice is more effective in reducing gingival inflammation
compared with a fluoride dentifrice, with a significant WMD of
0.24.

Figure 3 shows the data and the Forrest-plot of the Plaque
Index (Silness and Loe) in studies that assessed the effect of
triclosan/zinc citrate dentifrice formulations (# = 6) (studies 1,
3, 4, 10, 11, 14; Tables 2, 3 and 4) and a small but significant
WMD (0.07) was observed in favour of the test group when
compared with the standard fluoride dentifrice formulations.
Figure 4 show the results for the gingivitis assessments. While
at baseline the proportion of bleeding was comparable, at the
end of the studies a significant 10.81% WMD in favour of the
triclosan/zinc citrate dentifrice was observed (Fig. 4 and
Table 4; studies 3, 4, 10, 11).

In some of the meta-analyses performed, there was an obvi-
ous heterogeneity in the clinical outcome of the selected stud-
ies. In case the testing for heterogeneity was significant the
reader should take caution in using the WMD as the exact

measure of the effect.

Discussion

Most individuals claim to brush their teeth at least twice a
day. In spite of this, it is clear from both epidemiological and
clinical studies that mechanical oral hygiene procedures, as
performed by people in general, are insufficient in themselves
to control supragingival plaque formation and to prevent gingi-
vitis and more severe forms of periodontal disease (20). The
maintenance of an effective level of plaque control is clearly
difficult using conventional mechanical procedures and denti-
frices (5). From a global perspective, it is however the most
realistic means of improving the periodontal health of commu-
nities and populations (21).

Usually in combination with toothbrushing a dentifrice is
used. Fluoride is almost omnipresent in commercially available
dentifrices. The fluoride is beneficial in the prevention of car-
ies. It has however not routinely exhibited efficacy in control-
ling gingival inflammation. For this reason, dentifrices have
also included substances claiming antibacterial, anticalculus
and desensitizing properties (21).

T'riclosan is a commonly used antimicrobial agent found in

products such as acne creams, deodorants and hand soaps at

Int J Dent Hygiene 3, 2005; 192-204 | 197
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Table 2. Continued

Intervention Random

OHI

Toothbrush

Dentifrice

(Short) Title

Duration

Reference

?

Prof. prophy

Yes

TePe

Triclosan/copolymer

A
B
C
A
B
C

Comparison between three triclosan

6 months

Renvert and Birkhed (51)

Triclosan/zinc citrate

MFP

dentifrices ion plaque, gingivitis and

salivary microflora
A comparison of stabilized stannous

Prof. prophy Yes

No

?

Triclosan/copolymer

SnF2
NaF

6 months

McClanahan et al. (52)

fluoride dentifrice and triclosan/

copolymer dentifrice for efficacy in the
reduction of gingivitis and gingival

bleeding
The clinical efficacy of Colgate total

?

Adults soft bristled No Prof. prophy

Triclosan/copolymer

A=
B = NaF

6 months

Allen et al. (53)

toothbrush

fresh stripe toothpaste in the control

of plaque and gingivitis
Clinical effect of a new liquid dentifrice

Yes

No

No

Adult-sized soft

Triclosan/copolymer

A=

6 months

Triratana et al. (54)

bristled toothbrush

B = NaF

containing triclosan/copolymer

on existing plague and gingivitis
A clinical methods study of the effects

Yes

Yes Prof. prophy

Colgate classic full

Triclosan/copolymer

A=

6 months

Winston et al. (55)

head

B = NaF

of triclosan dentifrices on gingivitis

OHI, oral hygiene instruction

*A dentifrice of their own choice.
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concentrations that range from 0.1% to 1%. Although intro-
duced over 30 years ago, the application of triclosan has
increased dramatically over the last 10 years. Among other
things, it is currently incorporated into kitchen tiles, children’s
toys, cutting boards, toothbrush handles and athletic clothing.
"T'riclosan is used in many products because it exhibits antibac-
terial as well as antifungal and antiviral properties (22). In
addition, because of its non-ionic character, triclosan is compa-
tible with other desirable ingredients in dentifrices (23).

The mechanisms of its antiseptic action is by acting on the
microbial cytoplasmic membrane, inducing leakage of cellular
constituents and thereby causing lysis of the microorganisms.
Evidence has accumulated to suggest that triclosan in itself
does not produce optimal plaque inhibitory effects without the
addition of other chemicals which increase its antibacterial
effect. One approach to boost its effectiveness has been to
increase the retention of triclosan in the mouth by the addition
of a polyvinyl-methyl ether maleic acid copolymer. Iz vitro
studies demonstrated that the copolymer increased the uptake
and retention of triclosan, and short-term studies demonstrated
the potential of a formulation containing 0.3% triclosan and
2% copolymer to enhance plaque control and improve gingival
health (24, 25).

An alternative approach to improve the antiplaque and anti-
gingivitis effect of triclosan has been to combine zinc and tri-
closan. This combination is advantageous in dentifrice
formulations because of the low toxicity and few reported side-
effects of the agents when applied in therapeutic doses (26).
The potential of the zinc ion as a plaque inhibitor has been
demonstrated in several clinical mouthrinse studies using aque-
ous solutions (27). Zinc is highly substantive and is retained in
the mouth for even longer periods than triclosan. Many com-
mercially available dentifrices contain zinc citrate, and the
effects have been evaluated in a number of studies (28, 29, 12,
30, 31, 32, 33, 34). A general conclusion is that zinc has a mod-
erate inhibitory effect on plaque formation, most notably in
individuals who are heavy plaque formers (31). Additive or
synergistic effects have been proposed for a combination of
zinc salts and antimicrobial agents and/or surfactants (35, 36,
37, 38), indicating different or complementary modes of action.

Both the

showed an effect on plaque and gingivitis (Figs 2—4) superior

triclosan/copolymer and triclosan/zinc citrate
to the effect that was observed in the control group. It is diffi-
cult to come to a conclusion at a meta-analysis level as to
which one of the two formulations is the most effective. The
indices used in the studies were different which prevented the
calculation of WMD through which products could be com-

pared. There were however two studies that provided a
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comparison of the two formulations (39, 40). Where the first of
these studies showed the triclosan/zinc citrate formulation to
be superior the latter showed the opposite. Only one paper
was found regarding triclosan/pyrophosphate, but the data
turned out to be inadequately presented for acceptation in this
review.

The results as obtained with the meta-analyses of the triclo-
san/copolymer data are in agreement with those from a recent
systematic review. This addressed the effectiveness of triclo-
san/copolymer in comparison with fluoride dentifrices in
improving plaque control and gingival health. As can be expec-
ted, their data were drawn from studies which were also
retrieved for the present review. Their WMD calculation for
plaque (Quigley and Hein) using the end-trial data was —0.48
in favour of the triclosan product. The WMD reduction of gin-
givitis was —0.26. What however was missing in their publica-
tion is the comparison of the baseline data. The present
review illustrates in Figs 2-4 that the baseline data for the
studies involved showed no difference between test and con-
trol group. This strengthens the conclusion as drawn on the
WMD between test and control group based on the data as

obtained at the end of the trials.

Conclusions

The paramount role of supragingival plaque control in the pre-
vention and control of periodontal disease is well documented.
Procedures for control of supragingival plaque are as old as
recorded history. Currently, the use of a toothbrush and fluorid-
ated dentifrices is almost universal. When good oral hygiene is
practiced, the mechanical action of toothbrushing can remove
plaque most effectively. However persistently effective brush-
ing is uncommon suggesting that additionally a chemothera-
peutic approach might be beneficial. This systematic review
indicates that, compared with a control fluoride dentifrice, a
fluoride dentifrice containing triclosan formulations provides a

more effective level of plaque control and gingival health.
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