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Purpose: To assess the evidence on the effectiveness of commercially available anticalculus dentifrices.

Materials and Methods: Systematic search for published and unpublished epidemiological data in 7
electronic databases, 5 journals, and the bibliographies of retrieved papers and by making contact with
subject experts in this field. Thirty-two reports were identified containing comparisons of one or more
active agents with a placebo dentifrice and calculus measured using the Volpe-Manhold Index (VMI).

Results: Random effect model for 3-month studies showed an effect size of –0.6 for all comparisons.
The effect sizes varied from –0.3 for dentifrices with zinc chloride 0.5% to –1.1 for pyrophosphate 1.3%
and copolymer 1.5% dentifrices. Meta-analysis of all the studies with 6-month follow-up gave an effect
size of –1.1 (–1.5 to –0.8) and for 12-month follow-up the effect size was –13.6 (–21.4 to –5.8).

Conclusions: Anticalculus dentifrices containing pyrophosphates, zinc compounds and/or co-polymers
were effective in significantly reducing calculus scores (VMI).
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ental calculus is ubiquitous in humans (Korn-
man and Löe, 1993). According to the data in

the majority of the studies reported in the WHO Glo-
bal Dental Health Data Bank, over 90% of adults
had calculus requiring dental hygiene instruction
and professional calculus removal (Miyazaki et al,
1991a,b; Pilot et al, 1992). The cost of profession-
al calculus removal would be beyond the national
resources for oral health of most low-income coun-
tries (Manji and Sheiham, 1986).

In the early 1960s, when dentifrices containing
agents supposed to reduce supra-gingival calculus

D were reviewed, they were hailed as agents with
great public health significance to meet the unmet
periodontal needs of an expanding, ageing popula-
tion (Weinstein and Mandel,1964). Although a wide
spectrum of agents, ranging from industrial sol-
vents to enzymes have been tried, the most suc-
cessful strategy in controlling calculus has been
preventing plaque mineralization and most popular
anticalculus systems have been those based on
zinc or pyrophosphates (Mandel, 1995). The mar-
ket shares of these dentifrices are increasing (Mar-
ket Intelligence, 1998).

Since the review by Weinstein and Mandel
(1964), many narrative reviews of anticalculus den-
tifrices have appeared (Stookey et al, 1989; Volpe
et al, 1992; Adams, 1995; Sanz, 1996; White,
1997; Davies et al, 1997; Fairbrother and Heas-
man, 2000). However, a systematic study of their
effectiveness is yet to be undertaken. The aim of
the present study was to conduct a systematic re-
view to assess the effectiveness of commercially
available anticalculus dentifrices.
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METHODS

The search period of interest was from 1966 to
June 2002. We searched the following electronic
databases for published reports: MEDLINE, EM-
BASE, CINAHL, PSYCHInfo, PREMEDLINE and
HEALTHSTAR. A broad search strategy was delib-
erately employed in order to maximize the sensi-
tivity of the searches. Using Medical Subject
Headings (MeSH) and text words we searched for
the following terms: ’anti?calculus’ OR ’tartar con-
trol’ OR ’tooth?paste’ OR ’dentifrice’ OR ’dental-
calculus-prevention- and-control’ OR ’pyrophos-
phates’ OR ’zinc citrate’. Standard filters for iden-
tifying randomized controlled trials were applied to
this search (Dickersin et al, 1994). The review ar-
ticles and cross references in the trial reports
were used to identify more studies. An on-line da-
tabase of the United States Patent and Trademark
Office (http://patents.uspto.gov last accessed
July 2003) was searched for further unpublished
studies. An advanced search of the Collabora-
tion’s trial register CENTRAL was also undertaken.
The Journal of Periodontology, Journal of Clinical
Periodontology, Clinical Preventive Dentistry, Amer-
ican Journal of Dentistry and Journal of Clinical
Dentistry were identified as those most likely to
have reports of anticalculus dentifrice trials and
were hand searched. Bibliographies of all re-
trieved papers were scrutinized and authors of rel-
evant papers were contacted in order to identify
additional studies.

Study Selection and Appraisal

Both authors reviewed titles and abstracts to
identify all potentially eligible RCTs and full text
versions of these articles were obtained. Inclu-
sion of studies was decided jointly by the authors,
who included those parallel, randomized con-
trolled trials of minimum 3-months duration that
tested agents present in commercial dentifrices
currently available in the market (pyrophosphates,
zinc salts, PVM/MA copolymer and citroxan) with
a placebo dentifrice. Our primary outcome mea-
sure was Volpe-Manhold index of dental calculus
(Volpe et al, 1965). We excluded studies without
a placebo control, using different outcome mea-
sures with insufficient number of participants, du-
ration and information necessary for meta-analy-
sis.

Quality assessment in this study was done by
checking whether the study had acceptable stan-
dards in design, analysis, conduct (ethical consid-
erations) and reporting. Acceptable standards in-
cluded factors such as: specification of minimum
significant difference from placebo group, sample
size determination, unit of randomization, method
of allocation generation, allocation concealment,
masking of patient, similarity between placebo and
test dentifrices, masking of examiner, treatment of
attrition and dropouts, statistical methods, ethical
considerations including informed consent and a
statement of conflict of interests. Acceptable stan-
dards in reporting were judged by whether the re-
port included statements regarding the features
described above and whether the report revealed
evidence about those statements. A source for this
list was the CONSORT descriptor criteria (Moher et
al, 2001). Both authors jointly decided the quality
of the study. When clarifications regarding their
study was required, we contacted the first authors
of the papers.

Statistical Methods

For each study the effect size was calculated ac-
cording to the method of Cohen (1988). Meta-anal-
yses of effect sizes were undertaken using random
effects models based on DerSimonian and Laird
(1986). The statistical package used for meta-anal-
ysis was STATA. Heterogeneity of the studies was
measured as the weighted sum of the square of the
deviation of study means from the pooled mean
(called Q), which has a Chi-squared distribution
with degree of freedom equal to one less than num-
ber of studies. Both graphical (Light and Pillemer,
1984) and statistical methods (Begg and Mazum-
dar, 1994; Egger et al, 1997) were used to test for
publication bias.

RESULTS

Search Results

The searches yielded 2,807 hits containing terms
related to anticalculus toothpastes, which was re-
duced to 86 when filters for randomized controlled
trials were applied. After scrutinizing titles and ab-
stracts, 46 were chosen for full paper retrieval. Of
these 31 were finally included in the study.
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Study Characteristics

The included studies spanned more than a decade
from 1986 to 1998 and except for 3 studies (one
each in Spanish, Hungarian and Japanese), all
were in English language publications (Table 1).

More than half of the studies were done in the USA
and, among the remaining studies, 4 were done in
Thailand, 5 in Europe, 1 in Japan and another in Co-
lombia. All selected studies had more than
3-months follow-up and about half of them had mul-
tiple examinations, usually at 3 and 6 months.

Table 1 Details of included studies

ID Author Year Duration 
(months)

Country Agents Number of 
participants*

1 Schiff 1987a 3 USA Pyrophosphates 3.3%, Pyrophosphates 
1.3% & copolymer 1.5%

40, 39, 39

2 Rosling and Lindhe 1987 6 Sweden Pyrophosphates 3.3%, Pyrophosphates 
1.3% & copolymer 1.5%

49, 48, 48

3 Rustogi et al 1991 12 Thailand Pyrophosphates 1.3% & copolymer 1.5% 62, 62

4 Triratana et al 1991 12 Thailand Pyrophosphates 3.3% & copolymer 1.0% 54, 54

5 Triratana, Rustogi and Volpe 1991 12 Thailand Pyrophosphates 1.3% & copolymer 1.5% 58, 58

6 Lobene 1987a 3 USA Pyrophosphates 1.3% & copolymer 
1.5%, Zinc citrate 0.5%

70, 70, 70

7 Petrone et al 1991 3 USA Pyrophosphates 5.0%, Pyrophosphates 
1.3% & copolymer 1.5%

39, 39, 39

8 Lobene 1986 3 USA Pyrophosphates 3.3% 60, 60

9 Lobene 1987b 3 USA Pyrophosphates 3.3% 54, 53

10 Fairbrother et al 1997 4 UK Pyrophosphates 5.0%, Zinc citrate 0.5%, 138, 135, 135

11 Lobene 1989 3 USA Pyrophosphates 3.3% 56, 57

12 Segretto et al 1998 6 USA Pyrophosphates 3.3% 129, 131

13 Sowinski et al 1998 3 USA Zinc citrate 2.0% 38, 37

14 Kohut, Rubin and Baron 1989 3 USA Pyrophosphates 1.3% 75, 75

15 Stephan et al 1990 6 UK Zinc citrate 0.5% 50, 42

16 Svatun, Saxton, and Rolla 1990 6 Norway Zinc citrate 0.5% 38, 40

17 Lobene et al 1987 6 USA Zinc chloride 30, 27

18 Segretto et al 1991 3 USA Zinc citrate 0.5% 486, 478

19 Svatun et al 1993 7 Norway Pyrophosphates 5.0%, Zinc citrate 
0.75%, Copolymer 2.0%

46, 48, 48

20 Lobene et al 1991 6 USA Copolymer 2.0% 42, 37

21 Schiff 1987b 6 USA Pyrophosphates 3.3% 60, 62

22 Kazmierczak et al 1990 6 USA Pyrophosphates 3.3%, Zinc citrate 2.0% 63, 61, 61

23 Cohen et al 1994 3 USA Pyrophosphates 1.3% & copolymer 1.5% 51, 64

24 White et al 1996 6 USA Pyrophosphates 5.0% 112, 112

25 Singh et al 1990 3 USA Pyrophosphates 1.3% 49, 47

26 Schiff et al 1990 6 USA Pyrophosphates 1.3% 37, 38

27 Chikte, Rudolph, and Reinach 1992 3 South Africa Pyrophosphates 3.3% 45,43

28 Katalin et al 1995 3 Hungary Zinc citrate 0.75%, Copolymer 2.0% 37, 36

29 Baraya and Soto 1988 6 Colombia Pyrophosphates 1.3% 30, 30

30 Hagiwara et al 1989 3 Japan Pyrophosphates 5.0%, Polyphosphates 41, 45

31 Triratana et al 1991 3 Thailand Pyrophosphates 1.3% & copolymer 
1.5%, Zinc citrate 0.5%

50, 50

* Numbers for the placebo group and the agent groups respectively
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Quality of Studies

There was only one study which reported sample
size calculations and generation of schedule for al-
locating subjects and treatments (Fairbrother et al,
1997). Allocation concealment was adequately
described in 4 studies (Fairbrother et al, 1997;
Lobene, 1986; Lobene, 1989; Lobene et al, 1991),
not mentioned in 3 (Rosling and Lindhe, 1987; Rus-
togi, Volpe and Petrone, 1988; Triratana et al,
1991) and indicated in others. Blinding of outcome
was adequately described in 4 studies (Fairbrother
et al, 1997; Lobene, 1986; Lobene, 1989; Lobene
et al, 1991), not mentioned in 2 (Rosling and Lind-
he, 1987; Schiff, 1987b) and indicated in others.
Only 8 studies adequately described the masking of
personnel and subjects (Fairbrother et al, 1997;
Lobene, 1986; Lobene, 1989; Lobene et al, 1991;
Rosling and Lindhe, 1987; Rustogi, Volpe and
Petrone, 1988; Triratana et al, 1991; Triratana, Rus-
togi and Volpe, 1991), although other studies indi-
cated that such masking was done.

We received a poor response to our queries from
the authors that we contacted. Two authors re-
sponded, but could not elaborate further on what
had already been published.

Heterogeneity

Statistically significant heterogeneity was present
(3 months: Q = 215.6, df = 42, P = 0.000;
6 months: Q = 24967.1, df = 19, p = 0.000). In
3-month comparisons, heterogeneity became insig-
nificant when stratified by active agents (Pyrophos-
phates 5.0%, Pyrophosphates 3.3% + Copolymer
1.0%, Zinc citrate 0.5%, Zinc citrate 2.0%).

Trials of 3-months Duration

There were 43 comparisons between a test denti-
frice and placebo in trials of 3-months duration in
27 trial reports. Of these, 17 comparisons were for
pyrophosphate dentifrices with concentrations of
soluble pyrophosphates of 1.3% (4 studies), 3.3%
(8 studies), and 5% (5 studies), and 10 compari-
sons involved combinations of pyrophosphates and
copolymer with different concentrations, 5 studies
with 1.3% pyrophosphate and 1.5% copolymer and
5 studies with 3.3% pyrophosphate and 1.0% co-
polymer. Ten studies involved zinc citrate in differ-

ent concentrations of 0.5% (6 studies), 0.75% (2
studies), and 2.0% (2 studies). Copolymer (2%)
alone was the active agent in 4 reports. One report
each was available for polyphosphates and zinc
chloride dentifrices.

For all studies the random effects model
showed the effect size (d) to be 0.6. When groups
were analyzed separately, the effect sizes for 8
groups were statistically significant. They were py-
rophosphates 3.3%: –0.4 (95%CI –0.6 to –0.2); py-
rophosphates 5.0%: –0.5 (95%CI –0.7 to –0.2); py-
rophosphates 1.3% with copolymer 1.5%: –1.1
(95%CI –1.7 to –0.6); pyrophosphates 3.3% with
copolymer 1.0%: –0.8 (95%CI –1.1 to –0.6); zinc
citrate 0.5%: 0.3 (95%CI –0.5 to –0.1); zinc citrate
2.0%: –0.4 (95%CI –0.7 to –0.1); copolymer 2.0%:
–0.8 (95%CI –1.5 to –0.2); and zinc chloride: –0.9
(95%CI –1.4 to –0.3) (Table 2).

Trials of 6-months Duration

There were 20 comparisons between a test denti-
frice and placebo in trials of 6-months duration in
14 trial reports. Of these 9 comparisons were for
pyrophosphate dentifrices, 5 were for zinc citrate
formulations and 2 for copolymer dentifrices. Sev-
enteen comparisons in 11 reports were follow-ups
of 3-month trials.

Meta-analysis of all the studies with 6-month
follow-up gave an effect size of –1.1 (95%CI –1.5 to
–0.8) (Table 3). The numbers of studies in different
subgroups were low and some groups had only one
study each. All groups had statistically significant
effect sizes.

Trials of 12-months Duration

There were only 3 studies included of 12-months du-
ration (Rustogi et al, 1991; Triratana, Rustogi and
Volpe, 1991; and Triratana et al, 1991). Two of them
were with pyrophosphates 1.3% (effect size –16.2,
95%CI –37.7 to 5.3) and the third was with pyro-
phosphates 3.3% (effect size –11.7, 95%CI –13.8
to –9.7).

Testing for Publication Bias

Publication bias was tested in the series of studies
of 3-month duration. The funnel plot of the inverse
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of standard error of effect size against effect size
was asymmetrical suggesting publication bias (Fig-
ure 1). Statistical tests (Begg and Majumdar, 1994;
Egger et al, 1997) used to estimate the bias also
showed statistically significant results when all 43
trials were considered together.

Adverse Effects

Of the 32 reports included in the systematic review,
20 reports reported on the absence of adverse ef-
fects. The other 11 reports did not mention wheth-
er adverse effects were present or not.

Table 2 Meta-analysis of clinical trials of anticalculus dentifrices of 3-month duration

Agents Number Mean effect size 
(SD units)

95% Confidence limits

Lower Upper

All* 43 – 0.6 – 0.7 – 0.4

Pyrophosphates 1.3% 4 – 0.3 – 0.6 0.1

Pyrophosphates 3.3% 8 – 0.4 – 0.6 – 0.2

Pyrophosphates 5.0% 5 – 0.5 – 0.7 – 0.2

Pyrophosphates 1.3% + Copolymer 1.5% 5 – 1.1 – 1.7 – 0.6

Pyrophosphates 3.3% + Copolymer 1.0% 5 – 0.8 – 1.1 – 0.6

Zinc citrate 0.5% 6 – 0.3 – 0.5 – 0.1

Zinc citrate 0.75% 2 – 0.9 – 2.8 0.9

Zinc citrate 2.0% 2 – 0.4 – 0.7 – 0.1

Copolymer 2.0% 4 – 0.8 – 1.5 – 0.2

Polyphosphates 1 – 0.3 – 0.7 0.2

Zinc chloride 1 – 0.9 – 1.4 – 0.3

* Represent 43 comparisons in 27 reports

Table 3 Meta-analysis of clinical trials of anticalculus dentifrices of 6-month duration

Agents Number Mean effect size 
(SD units)

95% Confidence limits

Lower Upper

All* 20 – 0.6 – 1.1 – 1.5

Pyrophosphates 1.3% 2 – 0.3 – 3.6 – 10.8

Pyrophosphates 3.3% 4 – 0.4 – 0.6 – 1.0

Pyrophosphates 5.0% 3 – 0.5 – 0.4 – 0.6

Pyrophosphates 1.3% + Copolymer 1.5% 3 – 1.1 – 3.1 – 5.6

Pyrophosphates 3.3% + Copolymer 1.0% 1 – 0.8 – 0.7 – 1.1

Zinc citrate 0.5% 3 – 0.3 – 0.7 – 1.0

Zinc citrate 0.75% 1 – 0.9 – 0.8 – 1.2

Zinc citrate 2.0% 2 – 0.4 – 0.6 – 1.6

Copolymer 2.0% 1 – 0.8 – 2.9 – 3.8

* Represent 20 comparisons in 14 reports
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Excluded Studies

15 studies that tested dentifrices containing the
agents included in the review (pyrophosphates, zinc
compounds, copolymer, and citroxan) but excluded
for other reasons are described in Table 4.

DISCUSSION

This systematic review of anticalculus dentifrices
indicated that they are effective in inhibiting calcu-
lus formation. However, anticalculus dentifrices
can vary in their effectiveness depending on their
active agents and their concentrations. The most
effective anticalculus dentifrices were those con-
taining pyrophosphates and PVM/MA copolymer
with the best performance from the dentifrice with
1.3% pyrophosphates and 1.5% copolymer. The an-
ticalculus dentifrices reduce calculus by 0.8 to 1.1
standard deviation units. Individually, pyrophos-
phates and copolymer did not do as well as zinc ci-
trate. Again, the best combination had a lower con-
centration of pyrophosphates (1.3%) and higher
concentration of the copolymer (1.5%). Copolymer
by itself was better than pyrophosphates. Only
0.75% zinc citrate showed better anticalculus ef-
fect than copolymer. The results also showed that
the effect fell off after a certain concentration of
the agent, and, therefore, higher calculus reduction
was not found at the highest concentration of the

agent. The benefit of anticalculus dentifrices in-
creased with duration of use.

Scope of the Review

The review was limited in scope to agents available
in commercial dentifrices. The earliest attempts in
calculus prevention were by trying to dissolve calcu-
lus, and were doomed to fail due to collateral dam-
age to the dental tissues (Weinberg and Mandel
1964; Stookey et al, 1989; Mandel 1995). The ad-
vent of crystal growth inhibitors like pyrophos-
phates, zinc salts and polyvinyl ester and maleic
acid could be considered to mark the real begin-
ning of the anticalculus dentifrice age, which began
about four decades ago. Therefore in specifying the
research question, as postulated here, no loss has
occurred in the general scope of the subject of an-
ticalculus dentifrices. Recent narrative reviews also
support this assertion.

Another limitation of the review is the limited
number of long-term studies included. Volpe et al
(1965) had shown that 3 months were sufficient for
anticalculus clinical trials and described a study de-
sign for clinical trials of anticalculus dentifrices
(Volpe et al, 1992), which has been followed by
most investigators in this area.

Finally, we should mention the bias that could be
introduced by not screening the study independent-
ly.

Fig 1 Funnel plot to detect publi-
cation bias in the 3-month studies
selected for the systematic review
of anticalculus dentifrices. SMD:
Standardized Mean Difference of
effect size. SE: Standard error of ef-
fect size.
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Table 4 Details of excluded studies

Study Active Agents Duration Results, summary and reason for exclusion

Kranz et al 
(1991)

Citroxan 3 months 34% reduction against positive control, 51% against placebo. A double-blind paral-
lel trial involving 128 subjects, half mouth scaling. Only point estimates reported. 
Excluded due to study design, lack of information.

van der 
Burgt and 
Klassen 
(1988)

Pyrophosphate 8 weeks Pyrophosphate – 53% reduction in VMI (Phase 1) (significant). The study design 
was a cross over study involving 36 subjects divided equally between AB and BA 
groups. It was excluded because the results were presented without any informa-
tion on treatment-period interaction and duration of study was only 8 weeks.

Kurbad et 
al (1991)

Pyrophosphate 12 weeks Pyrophosphate – 25.5% reduction in VMI (significant). The study design was a 
crossover study involving 60 subjects divided equally between AB and BA groups. 
It was excluded because the results were presented jointly for both periods with 
out any information on treatment-period interaction. 

Lu KH et al 
(1988)

Pyrophosphate 
(2 dentifrices, 
3.3% vs. 5%)

4 months 5% paste – 14.5% reduction compared to 3.3% paste. A double-blind parallel trial 
involving 206 subjects, limited to a head to head comparison of two active agents. 
Comparison of effect on different levels of calculus formation at baseline given.

Sowinski J 
et al 
(1999)

Pyrophosphate 
(2 dentifrices, one 
of them contains 
copolymer)

12 weeks Copolymer paste – 34.6% reduction compared to other (significant). A double-blind 
parallel trial involving 48 subjects, limited to a head to head comparison of two 
active agents.

Sowinski J 
et al 
(1998)

Pyrophosphate 
(2 dentifrices, one 
of them improved 
version of other)

12 weeks Improved version – 44.1% reduction compared to other (significant). A double-blind 
parallel trial involving 73 subjects, limited to a head to head comparison of two 
active agents.
Information supplied is insufficient to describe the improvement made and at-
tribute it properly to the results.

Bollmer 
BW et al 
(1995)

Pyrophosphate 3.3% 6 months Pyrophosphate – 21.8% (3 months, nonsignificant) 21.7% (6 months, significant) 
reduction in whole mouth VMI. A double-blind parallel trial involving 163 subjects. 
The subjects used chlorhexidine, known to promote calculus formation. Reported 
results were for adjusted mean whole mouth VMI with out mentioning SD or SE. 
Excluded because of presence of a calculus promoting agent, a condition different 
from other studies. Only study giving change in the number of teeth with calculus 
– 26% after 3 months and 20% after 6 months.

Taller SH 
(1990)

Pyrophosphate 3.3% 
(2 dentifrices)

4 months Non-significant differences. The study had in sufficient number of subjects in each 
group (9 to 10), the VMI index score was nonstandard (included facial surfaces also).

Rustogi 
KN et al 
(1988)

Pyrophosphate, 
Zinc chloride

3 months Pyrophosphate – 27.3% reduction in VMI (compared to zinc chloride, significant). 
107 subjects participated in a two phase study. In the first phase they used a pla-
cebo dentifrice for 3 months and then was divided into two groups. In the second 
phase the subjects used the test dentifrices. Authors use the results of the first 
phase to compare test dentifrices to placebo. The results of second phase is limited 
to a head to head comparison of two active agents. Excluded due to study design.

Santos et 
al (1999)

Pyrophosphates 
(3.3% & 5%), Casein 
phosphopep tide

2 weeks 3.3% paste – 13%, 5% paste – 16%, CPP – 8% reductions. 3 double-blind random-
ized controlled trials using a toothshield to protect lower anterior teeth from brush-
ing and delivering the dentifrice. Excluded due to the use of the experimental 
model. VMI presented for labial side also and showed greater reduction. 

Sanz et al 
1994

Zinc lactate 6 months No difference from control group. A double-blind, stratified parallel study involving 
208 people. The test dentifrice contained chlorhexidine. Calculus data presented 
graphically only. Excluded for the presence of calculus promoting agent, insuffi-
cient information.

Disney et 
al 1989

Zinc citrate 0.5%, 
1%, 2% & 4%

1 week 
accumu-
lation

No difference from control group for 0.5% group, modest differences in 1% & 2% 
group and large difference in 4% group (equivalent to positive control (pyrophos-
phate toothpaste). A double-blind clinical trial involving 12 to 16 subjects in 
6 groups. Calculus assessment using mylar strips ligated to lingual of two lower 
central incisors. Excluded due to the study design and calculus outcome measure.

Taner et al 
1990

Pyrophosphate 3 months No significant differences. A study involving 35 subjects. Calculus outcome was 
Marginal line calculus Index. Excluded due to calculus outcome measure used and 
small number of subjects in each group.

Gaengler 
et al 1993

Pyrophosphate 3 months 25.5% reduction. A double-blind crossover study involving 60 subjects comparing 
a SEM method with VMI and MLCI. No data on VMI presented. Excluded due to 
study design, lack of information

Triratana 
et al 1989

Pyrophosphate 3.3% 
& copolymer 1%

6 months 37.07% reduction. A double-blind crossover trial involving 50 subjects. Not enough 
information to calculate effect size. Excluded due to study design, lack of information.
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External Validity of Studies

A possible criticism of the study design might be
that participants are selectively chosen for high cal-
culus formation and might enjoy exaggerated bene-
fits (Hagiwara et al, 1989). Therefore, in a popula-
tion where calculus levels were low, the anticalculus
dentifrices might have lesser impact than expected.
However, studies done in populations known to pro-
duce large amounts of calculus, for example, a Thai
population (Triratana et al, 1991) did not show any
large effect. Bollmer et al (1995) showed that in the
presence of a calculus promoting agent, chlorhexi-
dine, and the anticalculus effect might become sig-
nificant only after longer use. Sanz et al, (1994) did
not find any significant calculus reduction for zinc
lactate in their study where subjects used chlorhex-
idine. Some authors had tried to overcome the ef-
fect of baseline risk by adjusting for baseline VMI
scores while reporting their results. Where both ad-
justed and unadjusted results were available, there
was not much difference in the effect sizes between
the two results (Fairbrother et al, 1997; Segretto et
al, 1998; Kohut et al, 1997).

Another consideration is that a placebo effect might
be present. Two studies where ’no treatment’ groups
were present suggested the possibility of a placebo
effect (Triratana et al, 1991; Rustogi et al, 1991).

Heterogeneity among Studies

The heterogeneity among studies can be another
limiting factor. Although only 3 active agents were
involved, the review revealed that the studies could
be divided into 9 strata depending on active
agents, singly and in combination, and their con-
centrations. In addition, comparisons could be
classified in terms of duration of studies into three,
as those with 3-month, 6-month and 12-month du-
ration. Heterogeneity was controlled to a great ex-
tent when studies were sub-grouped on the basis of
agents and concentration.

Outcome Measure

The VMI is the standard measurement used in
screening commercial dentifrices and therefore, we
limited ourselves to this single outcome. But only
three studies were excluded on this criterion. Two
of them used Marginal Line Calculus Index (Gaengler

et al, 1993; Taner et al, 1990), and a third used an
experimental design with mylar strips (Disney et al,
1989). Although the limiting to the VMI is a potential
source of bias, it should be noted that available ev-
idence is also limited to studies with VMI often done
with industry support on limited number of products.

Cohen’s d was chosen as effect size because it
was easy to calculate and interpret.

The decision to perform meta- analysis on the
standardized mean difference rather than weighted
mean difference was based on the facts that: 1)
there were differences in the way VMI was reported
in different studies; 2) VMI is a partial scoring tech-
nique and therefore the absolute values have limit-
ed utility; and 3) standardized mean difference has
a simple population level interpretation. The stan-
dardized mean difference can be interpreted as the
standard deviation units by which the location of a
distribution is shifted due to the intervention.

Publication Bias

The significance of publication bias, in recent
years, was highlighted by the controversy over envi-
ronmental exposure to tobacco smoke and cancer
(Misakian and Bero, 1998). The traditional ap-
proach to the examination of publication bias is the
funnel plot. The funnel plot of the 43 comparisons
for 3-month studies showed considerable asymme-
try suggestive of existence of publication bias.

Quality of Studies

This systematic review did reveal that the quality of
reporting clinical trials in dentistry should be im-
proved. Despite the fact that these clinical trials
had a design specified for them (Volpe et al, 1992),
there are obvious lacunae. Two significant lapses
are: 1) not specifying whether a sample size has
been determined for the trial and assumptions
used to determine that sample size; and 2) not re-
porting whether consent was obtained from the sub-
jects. In addition, most reports limited themselves
to indicating allocation concealment and blinding.

Clinical, Research and Policy Implications

Dentistry had already witnessed the impact of fluo-
ride toothpastes on dental caries prevalence. The
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current review was prompted by the question wheth-
er such an impact is possible with anticalculus den-
tifrices. The results of this review, albeit modest,
suggest that these dentifrices could exert some in-
fluence on dental treatment needs. The long-term
use of anticalculus dentifrices could reduce the
amount of calculus accumulation and thereby influ-
ence the requirement of routine scaling, in terms of
time and interval between scalings. Such beneficial
effects may be manifested only at population levels.
When we tested these assumptions in suitable
models, we found them to be tenable (Netuveli,
2002). Thus, future clinical trials should be directed
towards testing the health service benefits of den-
tifrices containing anticalculus agents.

Another implication is in the labelling of tooth-
pastes as anticalculus dentifrices. The results of
this suggest that anticalculus dentifrices can vary
in their effectiveness depending on their active
agents and their concentrations. This is obscured
when dentifrices are marketed under the rubric ’tar-
tar-control’. This brand related effectiveness would
not be found for anti-caries or gum protection den-
tifrices, since all brands would use the same active
agent. In the case of toothpastes it might be essen-
tial to be explicit when declaring the active agent.
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