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A B S T R A C T

Background

Fluoride toothpastes have been widely used for over 3 decades and remain a benchmark intervention for the prevention of dental caries.

Objectives

To determine the effectiveness and safety of fluoride toothpastes in the prevention of caries in children and to examine factors potentially

modifying their effect.

Search strategy

We searched the Cochrane Oral Health Group’s Trials Register (May 2000), the Cochrane Central Register of Controlled Trials

(CENTRAL) (The Cochrane Library 2000, Issue 2), MEDLINE (1966 to January 2000), plus several other databases. We handsearched

journals, reference lists of articles and contacted selected authors and manufacturers.

Selection criteria

Randomised or quasi-randomised controlled trials with blind outcome assessment, comparing fluoride toothpaste with placebo in

children up to 16 years during at least 1 year. The main outcome was caries increment measured by the change in decayed, missing

and filled tooth surfaces (D(M)FS).

Data collection and analysis

Inclusion decisions, quality assessment and data extraction were duplicated in a random sample of one third of studies, and consensus

achieved by discussion or a third party. Authors were contacted for missing data. The primary measure of effect was the prevented fraction

(PF) that is the difference in caries increments between the treatment and control groups expressed as a percentage of the increment in

the control group. Random-effects meta-analyses were performed where data could be pooled. Potential sources of heterogeneity were

examined in random-effects metaregression analyses.
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Main results

Seventy-four studies were included. For the 70 that contributed data for meta-analysis (involving 42,300 children) the D(M)FS pooled

PF was 24% (95% confidence interval (CI), 21 to 28%; P < 0.0001). This means that 1.6 children need to brush with a fluoride

toothpaste (rather than a non-fluoride toothpaste) to prevent one D(M)FS in populations with caries increment of 2.6 D(M)FS per

year. In populations with caries increment of 1.1 D(M)FS per year, 3.7 children will need to use a fluoride toothpaste to avoid one

D(M)FS. There was clear heterogeneity, confirmed statistically (P < 0.0001). The effect of fluoride toothpaste increased with higher

baseline levels of D(M)FS, higher fluoride concentration, higher frequency of use, and supervised brushing, but was not influenced by

exposure to water fluoridation. There is little information concerning the deciduous dentition or adverse effects (fluorosis).

Authors’ conclusions

Supported by more than half a century of research, the benefits of fluoride toothpastes are firmly established. Taken together, the trials

are of relatively high quality, and provide clear evidence that fluoride toothpastes are efficacious in preventing caries.

P L A I N L A N G U A G E S U M M A R Y

Fluoride toothpastes for preventing dental caries in children and adolescents

Children who brush their teeth at least once a day with a toothpaste that contains fluoride will have less tooth decay.

Tooth decay (dental caries) is painful, expensive to treat and can sometimes lead to serious damage to teeth. Fluoride is a mineral

that prevents tooth decay. The review of trials found that children aged 5 to 16 years who used a fluoridated toothpaste had fewer

decayed, missing and filled permanent teeth after three years (regardless of whether their drinking water was fluoridated). Twice a day

use increases the benefit. No conclusion could be reached about the risk that using fluoride toothpastes could mottle teeth (fluorosis),

an effect of chronic ingestion of excessive amounts of fluoride when children are young.

B A C K G R O U N D

The prevention of dental caries in children and adolescents is gen-

erally regarded as a priority for dental services and considered more

cost-effective than its treatment (Burt 1998). Fluoride therapy has

been the centrepiece of caries-preventive strategies since the intro-

duction of water fluoridation schemes over 5 decades ago (Murray

1991). These were introduced when caries was highly prevalent

and severe, and when even modest prevention activities led to con-

siderable reductions in disease levels. In the last 20 years, with the

substantial decline in dental caries rates in many western coun-

tries, an increase in dental fluorosis levels in some countries, and

intensive research on the mechanism of action of fluoride high-

lighting the primary importance of its topical effect, greater at-

tention has been paid to the appropriate use of other fluoride-

based interventions (Glass 1982; Featherstone 1988; Ripa 1991;

O’Mullane 1994; Marthaler 1996; Featherstone 1999).

The use of topically applied fluoride products in particular, which

are much more concentrated than the fluoride in drinking water,

has increased over recent decades. By definition, the term ’topically

applied fluoride’ is used to describe those delivery systems which

provide fluoride to exposed surfaces of the dentition, at elevated

concentrations, for a local protective effect, and are therefore not

intended for ingestion. The most important anti-caries effect of

fluoride is considered to result from its action on the tooth/plaque

interface, through promotion of remineralization of early caries le-

sions and by reducing tooth enamel solubility (Featherstone 1988).

Fluoride-containing toothpastes (dentifrices), mouthrinses, gels

and varnishes are the modalities most commonly used at present,

either alone or in combination. Various products are marketed

in different countries and a variety of caries preventive programs

based on these have been implemented. Toothpastes are by far

the most widespread form of fluoride usage (Murray 1991a; Ripa

1991) and although the reasons for the decline in the prevalence

of dental caries in children from different countries continues to

be debated (Nadanovsky 1995; Krasse 1996; Marthaler 1996; de

Liefde 1998), it has been mainly attributed to the gradual in-
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crease in, and regular home use of fluoride in toothpaste (Glass

1982; Ripa 1991; Rolla 1991; Marthaler 1994; O’Mullane 1994;

Bratthall 1996).

At the same time, the lower caries prevalence now prevailing in

many countries and the widespread availability of fluoride from

multiple sources have raised the question of whether topically ap-

plied fluorides are still effective in reducing caries, and safe, mainly

in terms of the potential risk of fluorosis (mottled enamel). This

is particularly important as nearly all child populations in devel-

oped countries are exposed to some source of fluoride (notably in

toothpaste), and adverse effects may be rare (such as acute fluoride

toxicity) or more subtle (such as mild dental fluorosis).

The evidence on the effect of topical fluorides on the prevention of

dental caries in children has been extensively reviewed in a number

of traditional narrative reviews. A small number of reviews focusing

on the evaluation of specific topical fluoride active agents within

specific delivery systems have used a quantitative meta-analytical

approach to synthesise studies results (Clark 1985; Johnson 1993;

Helfenstein 1994; Stamm 1995; van Rijkom 1998). However, a

systematic quantitative evaluation of the available evidence on the

effect of the main modalities of topical fluorides has never been

undertaken.

This review is one in a series of systematic reviews of topical fluo-

ride interventions and assesses the effectiveness of fluoride tooth-

pastes in the prevention of dental caries in children.

Fluoride toothpastes (dentifrices)

Toothbrushing with fluoride toothpaste is by far the most com-

mon form of caries control in use today. The intensive promo-

tion of fluoride toothpastes by the oral healthcare industry has

been a major factor in their increased use, and, in the developed

world, since the 1980s, nearly all commercially available tooth-

paste formulations contain fluoride. Various fluoride compounds

have been used alone or combined in the formulations, includ-

ing sodium fluoride, sodium monofluorophosphate, amine fluo-

ride and stannous fluoride, and, according to each manufacturer’s

specifications these must be compatible with other basic ingredi-

ents, especially abrasive systems (which account for almost half of

the entire toothpaste formulation). Fluoride toothpastes must be

differentiated from fluoride prophylactic pastes, since their fluo-

ride concentrations, methods and frequencies of application dif-

fer, as well as amounts of abrasives in their formulation (abrasives

account for almost the entire content of a prophylactic paste). In

addition, although some toothpastes are available in the translu-

cent form of gel, they are different from fluoride gels, which have

higher fluoride levels, no abrasives and are applied much less fre-

quently, usually by a professional.

Consensus among researchers and public health authorities places

fluoride toothpaste as the method of choice for preventing caries,

as it is convenient and culturally approved, widespread, and it

is commonly linked to the decline in caries prevalence in many

countries. There is an argument that the effect of fluoride tooth-

pastes are underestimated in ’short term’ clinical trials of two to

three years duration, as these are used throughout life. In addi-

tion, it is argued that the use of fluoride toothpaste in fluoridated

areas offers more protection than either alone. However, concern

has been expressed that dental fluorosis, enamel defects caused by

young children chronically ingesting excessive amounts of fluoride

during the period of tooth formation (up to the age of 6 years), is

increasing in both fluoridated and non-fluoridated communities,

and the early use of fluoride toothpastes by young children may be

an important risk factor (Horowitz 1992; Stookey 1994; Ellwood

1995).

The usual concentration of fluoride in toothpastes is 1000/1100

parts per million (ppm F); toothpastes with higher (1500 ppm F)

and lower than conventional fluoride levels (around 500 ppm F)

are available in many countries. While the evidence of the effec-

tiveness of low fluoride-containing toothpastes in reducing den-

tal caries appears to be conflicting, toothpastes containing higher

concentrations of fluoride confer greater protection against caries

(Stephen 1988; O’Mullane 1997), but increase the risk of fluoro-

sis, which is related to both, the amount ingested and the fluo-

ride concentration. Chronic ingestion of fluoride from toothpaste

in children is common (Bentley 1999; Rojas-Sanchez 1999) and

despite the large variation in the amount swallowed, the younger

children are, the more likely they are to swallow larger amounts,

which often represent a substantial part of the total daily fluoride

intake and can be enough to cause fluorosis (Levy 1994; Lewis

1996). Although the amount of fluoride ingested beyond which

fluorosis may occur is not known accurately, a threshold of 0.05

to 0.07 mgF/kg body weight has been suggested (Burt 1992).

A child-sized toothbrush covered with a full strip of toothpaste

holds approximately 0.75 to 1.0 g of toothpaste, and each gram

of fluoride toothpaste, contains approximately 1.0 mg of fluoride;

children aged less than 6 years may swallow an estimated 0.3 g

of toothpaste per brushing (0.3 mg of fluoride) and can inadver-

tently swallow as much as 0.8 g (Levy 1994). As a result, it is

generally recommended that children under 6 years of age should

be supervised when brushing their teeth, and that no more than

a pea-sized amount, approximately 5 mm, should be used. The

frequency of toothpaste use and the rinsing method after tooth-

brushing would be other factors influencing the effectiveness of

fluoride toothpastes (and also their safety). Brushing twice a day

or more, or rinsing less thoroughly, or not rinsing at all would

confer greater caries reductions than brushing once a day or less, or

rinsing with larger volumes of water after toothbrushing (Chesters

1992; O’Mullane 1997; Chestnutt 1998; Ashley 1999). A formal

investigation of these aspects should help to clarify the optimal

level of fluoride toothpaste needed to achieve caries prevention

while limiting objectionable enamel fluorosis.

Although acute toxicity is extremely rare, young children are par-
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ticularly at risk of ingesting toxic doses of fluoride from a stan-

dard toothpaste tube of 125 g, generally containing 1100 ppm F

(1.1 mgF/g paste). As the probable toxic dose (PTD) is around 5

mgF/kg body weight (Whitford 1992), the accidental swallowing

of one-third of a toothpaste tube (45 g) or two-thirds of it (90 g)

is potentially life-threatening for a 1-year-old (10 kg) or for a 5

to 6-year-old (20 kg) respectively (Ellwood 1998). For this reason

it is recommended that a fluoride toothpaste tube should be kept

out of the reach of young children.

More than 100 clinical trials conducted in many areas of the world

since the 1940s, and summarised in several narrative reviews since

the 1950s, have investigated the caries-reducing effect of fluoride

toothpastes in children. In the late 1970s, the acceptance of flu-

oride toothpastes as effective caries inhibiting agents had become

so well established that clinical trials in many developed countries

had to be benchmarked against standard fluoride toothpastes, as

it was considered unethical to withdraw their benefit from a study

group. Thus, the effectiveness of new forms and concentrations

of fluoride toothpastes has not been so extensively investigated in

placebo-controlled trials in children with the lower levels of dental

caries prevalence prevailing in many countries.

In the last 20 years, guidelines for caries clinical trials have changed

(FDI 1982; CDT-ADA 1988; ICW-CCT 2002) in recognition

of the fact that with the decline in caries prevalence and the need,

for ethical reasons, to use a positive control instead of a placebo

in fluoride toothpaste trials, differences between treatments had

become smaller in both absolute and percentage terms. In order

to overcome this problem of small group differences, study de-

sign approaches have been modified. The most important general

strategies have focused on increasing sample size and power, re-

ducing measurement error and conducting studies with high risk

subjects, mainly defined on the basis of initial caries scores.

To date, there are two published meta-analyses investigating the

comparative efficacy of the two commercially available fluoride

toothpaste compounds used most commonly nowadays: sodium

fluoride (NaF) and sodium monofluorophosphate (SMFP) (

Johnson 1993; Stamm 1995), a question that is not addressed in

the present review. There is, however, no systematic quantitative

investigation assessing the overall effectiveness and safety of fluo-

ride toothpastes in comparison to placebo and examining formally

the main factors that may influence their effectiveness.

O B J E C T I V E S

(1) To determine the effectiveness and safety of fluoride toothpaste

in preventing dental caries in the child/adolescent population.

(2) To examine whether the effect of fluoride toothpaste is influ-

enced by the initial level of caries severity.

(3) To examine whether the effect of fluoride toothpaste is influ-

enced by the background exposure to fluoride in water (or salt),

or reported fluoride sources other than the study option.

(4) To examine whether the effect of fluoride toothpaste is influ-

enced by fluoride concentration or application features, such as

frequency of use.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised or quasi-randomised controlled trials (RCTs) using or

indicating blind outcome assessment, in which fluoride toothpaste

is compared concurrently to placebo toothpaste during at least 1

year/school year.

RCTs with open outcome assessment or no indication of blind

assessment, or lasting less than 1 year/school year, or controlled

trials where random or quasi-random allocation is not used or

indicated were excluded.

Types of participants

Children or adolescents aged 16 or less at the start of the study

(irrespective of initial level of dental caries, background exposure

to fluorides, dental treatment level, nationality, setting where in-

tervention is received or time when it started).

Studies where participants were selected on the basis of special

(general or oral) health conditions were excluded.

Types of interventions

Topical fluoride in the form of toothpastes only, using any of the

following fluoride agents combined or not in the formulation:

sodium fluoride (NaF), sodium monofluorophosphate (SMFP),

stannous fluoride (SnF2), acidulated phosphate fluoride (APF),

amine fluoride (AmF). These may be formulated with any com-

patible abrasive system and are considered at any fluoride concen-

tration (ppm F), frequency of use, amount or duration of applica-

tion, and with any technique of toothbrushing or post-brushing

procedure. The control group is placebo (non-fluoride toothpaste)

which makes the following as the relevant comparison: Fluoride

toothpaste compared with placebo toothpaste.

Studies where the intervention consisted of any other active

agent(s) or caries preventive measure(s) (e.g. chlorhexidine agent,

other fluoride-based procedures, oral hygiene procedures, sealants,

xylitol chewing gums, glass ionomers) used in addition to fluoride

toothpaste were excluded.
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Types of outcome measures

The primary outcome measure in this review is caries increment,

as measured by change from baseline in the decayed, (missing)

and filled surface (D(M)FS) index, in all permanent teeth erupted

at start and erupting over the course of the study. Dental caries

is defined here as being clinically and radiographically recorded

at the dentine level of diagnosis. (See Methods for the different

ways of reporting the decayed, (missing) and filled teeth or surfaces

(D(M)FT/S) scores in clinical trials of caries preventives).

The following outcomes were considered relevant: coronal dental

caries and dental fillings, in both the permanent and the decid-

uous dentitions; tooth loss; dental pain/discomfort; specific side

effects (fluorosis, tooth staining/discolouration, oral allergic reac-

tions, adverse symptoms such as nausea, vomiting); use of health

service resources (such as visits to dental care units, length of den-

tal treatment time).

Studies reporting only on plaque/gingivitis, calculus, dentine hy-

persensitivity or fluoride physiological outcome measures (fluo-

ride uptake by enamel or dentine, salivary secretion levels, etc)

were excluded.

Search methods for identification of studies

With a comprehensive search, we attempted to identify all relevant

studies irrespective of language, from 1965 onwards.

Electronic searching

Up to 1998

Relevant studies were identified (for the series of topical fluo-

ride reviews) by searching several databases from date of incep-

tion: MEDLINE (1966 to 1997), EMBASE (1980 to 1997),

SCISEARCH (1981 to 1997), SSCISEARCH (1981 to 1997),

ISTP (1982 to 1997), BIOSIS (1982 to 1997), CINAHL (1982

to 1997), ERIC (1966 to 1996), DISSERTATION ABSTRACTS

(1981 to 1997) and LILACS/BBO (1982 to 1997).

Two overlapping but complementary subject search phrases (

Appendix 1) with very low specificity (but high sensitivity), us-

ing ’free-text ’and ’controlled vocabulary’, were formulated within

Silverplatter MEDLINE around two main concepts, fluoride and

caries, and combined with all three levels of the Cochrane Optimal

Search Strategy for Randomised Controlled Trials (RCTs). These

subject search phrases were customised for searching EMBASE

and the other databases.

RCT filters were also adapted to search EMBASE, BIOSIS,

SCISEARCH, DISSERTATION ABSTRACTS, and LILACS/

BBO. All the strategies (subject search and methodological fil-

ters) developed to search each database are fully described in a re-

port produced for the Systematic Reviews Training Unit (Marinho

1997), and are available on request. These were used for the de-

velopment of a register of topical fluoride clinical trials for the

systematic reviews, as the Cochrane Oral Health Group’s Trials

Register was not yet developed in 1997/98.

The Cochrane Central Register of Controlled Trials (CENTRAL)

(The Cochrane Library 1997, Issue 1), the Community of Science

database (1998), which included ongoing trials funded by the Na-

tional Institute of Dental Research (NIDR), the System for Infor-

mation on Grey Literature in Europe (SIGLE) database (1980 to

1997), and OLDMEDLINE (1963 to 1965) were searched using

the terms ’fluor’ and ’carie’ truncated. (Grey literature search had

also been carried out by searching the Index to Scientific and Tech-

nical Proceedings (ISTP) and DISSERTATION ABSTRACTS.)

From 1999 to 2001

The strategy included in Appendix 2 was used to search LILACS/

BBO in 1999 (1982 to 1998), where free-text subject search terms

were combined with a methodological filter for RCTs.

A supplementary and more specific subject search phrase (includ-

ing ’free-text’ and ’controlled vocabulary’ terms), refined exclu-

sively for this review, formulated around three concepts: tooth-

paste, fluoride and caries, was used to search Silverplatter MED-

LINE (up to January 2000) without methodological filters (

Appendix 3). This strategy was adapted to search the Cochrane

Oral Health Group’s Trials Register (up to May 2000), and has

also been run on CENTRAL (The Cochrane Library 2000, Issue

2) to double-check.

The metaRegister of Controlled Trials was searched in October

2001 for ongoing RCTs using the terms ’fluoride’ and ’caries’.

Reference searching

All eligible trials retrieved from the searches, meta-analyses and

review articles were scanned for relevant references. Reviews had

been identified mainly by a MEDLINE search strategy specifically

carried out to provide information on available systematic reviews

or meta-analyses and on the scope of the literature on the topic,

when the Cochrane Database of Systematic Reviews (CDSR), and

the Database of Abstracts of Reviews of Effects (DARE) and NHS

Economic Evaluation Database (NHSEED), were also searched.

Reference lists of relevant chapters from preventive dentistry text-

books on topically applied fluoride interventions were also con-

sulted.

Full-text searching

Prospective handsearching of those journals (seven) identified as

having the highest yield of eligible RCTs/controlled clinical trials

(CCTs) were carried out, from January 1999 until January 2000:

British Dental Journal, Caries Research, Community Dentistry and
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Oral Epidemiology, Journal of the American Dental Association, Jour-

nal of Dental Research, Journal of Public Health Dentistry and Euro-

pean Journal of Oral Sciences. The handsearch of Community Den-

tistry and Oral Epidemiology was undertaken (1990 to December

1999), as this was the journal with the highest yield of eligible

reports.

Personal contact

Searching for unpublished studies (or ’grey’ literature such as tech-

nical reports and dissertations, or studies published in languages

other than English which may not have been indexed to major

databases) started by contacting experts in the field of preventive

dentistry. A letter was sent to the author(s) of each included study

published during the last two decades in order to obtain infor-

mation on possible unpublished studies eligible for inclusion. All

the authors of studies who had been contacted in order to clarify

reported information to enable assessment of eligibility or obtain

missing data were also asked for unpublished studies.

Based on information extracted mainly from included studies, a

list of manufacturers of fluoride toothpastes was created for lo-

cating unpublished trials. Letters to manufacturers were sent out

by the Cochrane Oral Health Group, in the hope that companies

might be more responsive to contact from the editorial base than

from individual reviewers. Nine fluoride toothpaste manufacturers

were contacted (October 2000) and information on any unpub-

lished trials requested: Colgate-Palmolive, Unilever/Gibbs, Gaba

AG, Smithkline Beecham, Procter and Gamble, Oral-B, Bristol-

Myers Co, Warner-Lambert, Synthelabo.

Data collection and analysis

Identification of reports produced by the searches

Because multiple databases were searched, the downloaded set of

records from each database, starting with MEDLINE, was im-

ported to the bibliographic software package Reference Manager

and merged into one core database to remove duplicate records

and to facilitate retrieval of relevant articles. The records yielded

from LILACS, BBO, CENTRAL, SIGLE and NIDR databases

were not imported to Reference Manager and were scanned with-

out the benefit of eliminating duplicates. The records produced

by OLDMEDLINE and by the specific MEDLINE search per-

formed without methodological filter were imported to Refer-

ence Manager for inspection, in a database separate from the core

database. The records produced by searching the Cochrane Oral

Health Group’s Trials Register and the metaRegister of Controlled

Trials were also checked outside Reference Manager.

All records electronically identified by the searches were printed

off and scanned on the basis of title first, then by abstract (when

this was available in English or in languages known by the re-

viewer) and/or keywords by one reviewer, Valeria Marinho (VM).

Obviously irrelevant records were discarded and the full text of all

remaining were obtained. Records were considered irrelevant ac-

cording to study design/duration, participants, or interventions/

comparisons (if it could be determined that the article was not a

report of a randomised/quasi-randomised controlled trial; or the

trial was of less than 6 to 8 months duration; or the trial was exclu-

sively in adults; or the trial did not address a fluoride toothpaste

intervention; or the trial compared fluoride toothpaste exclusively

to no treatment, instead of fluoride-free toothpaste).

All potentially relevant reports identified when searching other

sources (reference lists of relevant studies, review articles and book

chapters, journal handsearch, personal contact) were also obtained.

(Reports that might be identified by contacting manufacturers will

be obtained to feature in updates of this review.)

It was considered essential to identify and check all reports related

to the same study; in case of any discrepancy, authors were con-

tacted.

Selection of studies

With the inclusion criteria form previously prepared and pilot

tested, one reviewer (VM) assessed all studies for inclusion in the

review, and a second reviewer, Julian Higgins (JH), independently

duplicated the process for a sample of those (approximately 30%).

In addition, any study that could not be classified by the first re-

viewer was independently assessed by the second. A third reviewer

was consulted, Stuart Logan (SL) or Aubrey Sheiham (AS), to re-

solve any disagreement. It was decided in advance to exclude any

trial where agreement could not be reached (but this did not oc-

cur). Trial reports thought to be potentially relevant in languages

not known by the reviewers were translated and the reviewer (VM)

completed the inclusion form with reference to the translator. At-

tempts were made to contact authors of trials that could not be

classified in order to ascertain whether inclusion criteria were met.

Data extraction

Data from all included studies were extracted by one reviewer

(VM) using a pilot tested data extraction form. A second reviewer

(JH) extracted data from a random sample of approximately one

third of included studies. However, in future updates all reports

will be data extracted and quality assessed in duplicate. Check-

ing of interobserver reliability was limited to validity assessments.

Again, data that could not be coded by the first reviewer were in-

dependently coded by the second, any disagreement was discussed

and a third reviewer consulted to achieve consensus where neces-

sary. Provision was made to exclude data where agreement could

not be reached but this situation did not occur. Data presented

only in graphs and figures were extracted whenever possible, but

were included only if two reviewers independently had the same
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result. Attempts were made to contact authors through an open-

ended request in order to obtain missing information or for clari-

fication whenever necessary.

Additional information related to study methodology or quality

that was extracted included: study duration (years of follow up);

comparability of baseline characteristics: methods used pre-ran-

domisation in sizing/balancing (stratification based on relevant

variables) or used post-randomisation in analysing/adjusting for

possible differences in prognostic factors between groups; objectiv-

ity/reliability of primary outcome measurement (diagnostic meth-

ods and thresholds/definitions used and included, and monitor-

ing of diagnostic errors); any co-intervention and/or contamina-

tion. Information on sponsoring institutions and manufacturers

involved was also recorded.

Characteristics related to participants that were extracted included:

age (range) at start, caries severity at start (average DMFS, DFS, or

other measure), background exposure to other fluoride sources (in

water, topical applications, etc), year study began, location where

study was conducted (country), setting where participants were

recruited, and dental treatment level (F/DMF). Characteristics of

the intervention that were extracted included: mode of applica-

tion (how the intervention was delivered), methods (technique/

device) of application, prior- and post-application (rinsing with

water), fluoride active agents and concentrations used, frequency

and duration of application, and amount applied.

Different ways of assessing/reporting caries increment in the tri-

als (change from baseline as measured by the DMF index) were

recorded separately and/or combined according to the compo-

nents of the index chosen and units of measurement (DMFT/S,

or DFT/S, or DT/S, or FT/S), types of tooth/surface considered

(permanent/deciduous teeth/surfaces, first molar teeth, approx-

imal surfaces, etc), state of tooth eruption considered (erupted

and/or erupting teeth or surface), diagnostic thresholds used (cav-

itated/dentine lesions, non-cavitated incipient lesions), methods

of examination adopted (clinical and/or radiolographical), and ap-

proaches to account or not for reversals in caries increment adopted

(in a net or observed/crude caries increment respectively). In addi-

tion, caries increments have been recorded whenever the authors

reported them (various follow ups).

As we were aware that caries increment could be reported differ-

ently in different trials we developed a set of a priori rules to choose

the primary outcome data for analysis from each study: data on

permanent teeth would be chosen over data on deciduous teeth;

data on surface level would be chosen over data on tooth level; DFS

data would be chosen over DMFS data, and this would be cho-

sen over DS or FS; data for ’all surface types combined’ would be

chosen over data for ’specific types’ only; data for ’all erupted and

erupting teeth combined’ would be chosen over data for ’erupted’

only, and this over data for ’erupting’ only; data from ’clinical and

radiological examinations combined’ would be chosen over data

from ’clinical’ only, and this over ’radiological’ only; data for denti-

nal/cavitated caries lesions would be chosen over data for enamel/

non-cavitated lesions; net caries increment data would be chosen

over crude (observed) increment data; and follow up nearest to 3

years (often the one at the end of the treatment period) would be

chosen over all other lengths of follow up, unless otherwise stated.

When no specification was provided with regard to the methods of

examination adopted, diagnostic thresholds used, groups of teeth

and types of tooth eruption recorded, and approaches for reversals

adopted, the primary choices described above were assumed.

The Characteristics of included studies table provides a description

of all the main outcome data reported from each study with the

primary measure chosen featuring at the top. All other relevant

outcomes assessed/reported in the trials are also listed in this table.

Quality assessment

The methodological quality of the included studies was assessed

according to the criteria for concealment of treatment allocation

described in the Cochrane Reviewers’ Handbook (Clarke 2000) used

in the Cochrane Review Manager software (RevMan). Allocation

concealment for each trial was rated as belonging to one of three

categories.

A. Adequately concealed (an adequate method to conceal alloca-

tion is described).

B. Concealment unclear (’random’ allocation stated/indicated but

the actual allocation concealment method is not described or an

apparently adequate concealment scheme is reported but there is

uncertainty about whether allocation is adequately concealed).

C. Inadequately concealed (an inadequate method of allocation

concealment is described).

Excluded: random (or quasi-random) allocation clearly not used

in the trial, or ’random’ allocation not stated and not implied/

possible.

Blinding of main outcome assessment was also rated according

to the following three categories defined for the topical fluoride

reviews.

A. Double-blind (blind outcome assessment and use of placebo

described).

B. Single-blind (blind outcome assessment stated and no placebo

used).

C. Blinding indicated (blind outcome assessment not stated but

likely in any element/phase of outcome assessment, e.g. clinical

and/or radiographic examinations performed independently of

previous results, or radiographic examinations performed inde-

pendently of clinical examinations with results reported separately/

added later, or examiners clearly not involved in giving treatment,

or use of placebo described) or reported but unclear (blind out-

come assessment reported but there is information that leads to

suspicion/uncertainty about whether the examination was blind).

Excluded: clearly open outcome assessment used or blind outcome

assessment not reported and unlikely (no description of an exami-

nation performed independently of previous results, of x-rays reg-

istered independently of clinical examination, of use of a placebo,
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and of examiners clearly not involved in giving treatment).

One reviewer (VM) assessed the quality of all included studies. A

second reviewer (JH) duplicated the process for a random sam-

ple of approximately one third of those. Any disagreement was

discussed and where necessary a third reviewer was consulted to

achieve consensus. Where uncertainty could not be resolved an

effort was made to contact authors directly to clarify the method

used to conceal allocation or whether assessment of the main out-

come had been carried out blind.

Other methodological characteristics of the trials such as com-

pleteness of follow up (proportion excluded) and handling of ex-

clusions (extent to which reasons for attrition are explicitly re-

ported, or losses are independent of treatment allocated) were not

used as thresholds for inclusion. However, all assessments of study

quality are described in the table of included studies, and were

coded for possible use in metaregression/sensitivity analyses.

Data analyses

Handling of missing main outcome data

It was decided that missing standard deviations for caries incre-

ments that were not revealed by contacting the original researchers

would be imputed through linear regression of log(standard devia-

tion)s on log(mean caries) increments. This is a suitable approach

for caries prevention studies since, as they follow an approximate

Poisson distribution, caries increments are closely related to their

standard deviations (van Rijkom 1998).

Handling of results of studies (main outcome) with more

than one treatment arm

In the studies with more than one relevant intervention group and

a common control group, such as those comparing different ac-

tive fluoride agents or concentrations of fluoride ions to a placebo

group, raw results (the numbers, mean caries increments and stan-

dard deviations) from all relevant experimental groups were com-

bined in order to obtain a measure of treatment effect. This enables

the inclusion of all relevant data in the primary meta-analysis, al-

though may slightly compromise the secondary investigations of

dose response.

Choice of measure of effect and meta-analyses of main

outcome

The chosen measure of treatment effect was the prevented frac-

tion (PF), that is (mean increment in the controls minus mean

increment in the treated group) divided by mean increment in the

controls. For an outcome such as caries increment (where discrete

counts are considered to approximate to a continuous scale and are

treated as continuous outcome) this measure was considered more

appropriate than the mean difference or standardised mean differ-

ence, since it allows combination of different ways of measuring

caries increment and a meaningful investigation of heterogeneity

between trials. It is also simple to interpret. The meta-analyses

were conducted as inverse variance weighted averages. Variances

were estimated using the formula presented in Dubey 1965 which

was more suitable for use in a weighted average, and for large sam-

ple sizes the approximation should be reasonable. Random-effects

meta-analyses were performed throughout.

With the use of prevented fraction, it was not possible to perform

the main outcome analyses in RevMan/MetaView. However, the

raw results of the studies (mean/SD/n) were entered in RevMan

and mean differences were presented without meta-analyses. If

meta-analyses using standardised mean differences yielded mate-

rially similar results to those using prevented fractions, we would

also present these within MetaView. Deciduous and permanent

teeth would be analysed separately throughout.

For illustrative purposes the results were also presented as the num-

ber of children needed to treat (NNT) to prevent one carious teeth/

surface. These were calculated by combining the overall prevented

fraction with an estimate of the caries increment in the control

groups of the individual studies.

Assessment of heterogeneity and investigation of reasons for

heterogeneity

Heterogeneity was assessed by inspection of a graphical display

of the estimated treatment effects from the trials along with their

95% confidence intervals and by formal tests of homogeneity un-

dertaken prior to each meta-analysis (Thompson 1999).

In addition to aspects of study quality, three potential sources

of heterogeneity were specified a priori as investigations of these

formed part of the primary objectives of the review. We hypoth-

esised that: (1) the effect of fluoride toothpastes differs according

to the baseline levels of caries severity; (2) the effect of fluoride

toothpastes differs according to exposure to other fluoride sources

(in water, etc); and (3) the effect of fluoride toothpastes differs

according to concentration of fluoride. The association of these

factors with estimated effects (D(M)FS PFs) were examined by

performing random effects meta-regression analyses in Stata ver-

sion 6.0 (Stata Corporation, USA) using the program Metareg (

Sharp 1998).

To allow such investigation, relevant data were dealt with as fol-

lows: data on ’baseline levels of caries’ were calculated from the

study sample analysed (final sample) and in connection with the

caries increment index chosen unless otherwise stated, and were

averaged among all relevant study groups. Data on ’background

exposure to other fluoride sources’ combined reported data on

the use (outside the trial) of topical fluorides/fluoride rinses or

even fluoride toothpastes (in studies where the intervention was

tested under supervision at school and no supply of any toothpaste

had been provided for home use) and the consumption of fluo-
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ridated water/salt/tablets, and were grouped into two categories:

one for studies which were based on samples not using/not re-

porting background use of fluorides and which were from non-

fluoridated areas (clearly non-exposed), and another for studies

based on samples using fluorides or studies in fluoridated com-

munities, or both. Background use of other fluorides (rinses, gels,

tablets, etc) should be clearly reported as used by the majority in

a study to be considered as such, and exposure to water/salt flu-

oridation should be above 0.3 ppm F. When background use or

not of fluoride toothpaste (again, only for studies where the inter-

vention was tested under supervision at school and no supply of

any toothpaste had been provided for home use) was not clearly

indicated in studies carried out in developed countries, it was as-

sumed that fluoride toothpaste was widely used from the middle

of the 1970s (Ripa 1989). This information was sought from au-

thors (or obtained from other sources) when missing from studies

carried out in other locations. When data on the year a study had

begun was not provided this was calculated as a ’probable date’

by subtracting the duration of the study (in years) plus one extra

year, from the publication date of the study. Data on ’concentra-

tion applied’ and ’frequency of use’ have not been categorised, but

a ’total intensity of application per year’ covariate was produced

by multiplying frequency of application (per year) by concentra-

tion of toothpaste applied (in ppm F). Concentrations in multiple

arm studies were averaged over fluoride toothpaste groups prior

to this calculation. Frequency of use of once a day (365 times a

year) was assumed when it was not precisely reported in studies of

supervised use of fluoride toothpaste at school (where participants

were provided with appropriate toothpastes for home use) or in

studies of ’unsupervised’ home use of fluoride toothpaste (even if

it was reported that instructions to brush more than once a day

were given); frequency of 200 times (days) a year was assumed

when it was not precisely reported in studies of supervised use of

fluoride toothpaste at school (where children were provided with

non-fluoride toothpastes for home use or not provided with any

toothpaste for home use).

Further potential sources of heterogeneity were investigated by

metaregression. These ’post hoc’ analyses are clearly identified and

the results should be treated with caution. These include assess-

ment of the effect of toothpaste application mode’, classified as

either self-applied under supervision (at school/institution) or as

unsupervised use (at home).

Sensitivity analyses were performed using a random-effects model

for combining trials.

Investigation of publication and other biases

A funnel plot (plots of effect estimates versus the inverse of their

standard errors) was drawn. Asymmetry of the funnel plot may

indicate publication bias and other biases related to sample size,

though may also represent a true relationship between trial size

and effect size. A formal investigation of the degree of asymmetry

was performed using the method proposed by Egger 1997.

Measures of effect and meta-analysis of other outcomes

For outcomes other than caries increment, continuous data were

to be analysed according to differences in mean treatment effects

and their standard deviations. Dichotomous outcome data were

analysed by calculating risk ratios (RR) or, for adverse effects of

fluoride treatment, risk differences (RD). RevMan was used for

estimation of overall treatment effects. Again, a random-effects

model was used to calculate a pooled estimate of effect. As a general

rule only (relevant) outcomes with useable data would be shown

in the analyses tables.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies.

Search results

Searching the core database in Reference Manager retrieved 2600

records from MEDLINE, EMBASE, BIOSIS, SCISEARCH, SS-

CISEARCH, CINAHL, ERIC, ISTP and DISSERTATION AB-

STRACTS. The specific search used was: ’dentifrice*’ or ’fluoride

dentifrice*’ or ’toothpaste*’ or ’toothbrush*’ or ’tooth brush*’ or

’acidulated fluorophosphate*’ or ’acidulated phosphate fluoride*’

or ’fluorophosphate*’ or ’amine fluoride*’ or ’sodium fluoride*’

or ’stannous fluoride*’ as keywords, combined with ’dentifrice’

or ’toothpaste’ or ’tooth paste’ or ’paste’ or ’toothbrush’ or ’tooth

brush’ or ’brush’ in titles, notes and all other fields. There were 211

records scanned outside Reference Manager produced by search-

ing LILACS (48 records), BBO (47 records), CENTRAL (86

records), SIGLE (6 records), and NIDR/Community of Science

Database (24 records). When LILACS and BBO were searched

for the second time with a modified search strategy the yield was

210 records (142 and 68 records respectively) also scanned out-

side Reference Manager. Searching OLDMEDLINE produced

545 records. Thus, 3566 records yielded by the original electronic

searches for topical fluoride trials were scanned, but many of these

were duplicates not merged in the core database. The specific

MEDLINE search for fluoride toothpaste trials performed with-

out a randomised controlled trial (RCT) filter produced 1005

records, and the search performed in the Cochrane Oral Health

Group’s Trials Register produced 244 records. The search for on-

going studies in the metaRegister of Controlled Trials produced

five records.
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Searching other non-electronic sources (reference lists of poten-

tially relevant reports, review articles or book chapters, journals,

and contacting authors) produced 99 additional records for in-

spection. One of the nine manufacturers of fluoride toothpastes

contacted, GABA, provided a list of 409 records from a search per-

formed in GALIDENT (Database of GABA Library in Dentistry)

using the keyword ’amine fluoride’. However, search results from

these and, if provided, from other manufacturers will be taken into

account in updates of this review.

From the search results above a total of 299 records were considered

potentially eligible, and sought for further assessment.

Selection of studies

Two hundred and ninety-nine (299) reports were sought for de-

tailed assessment for inclusion, of which 10 full-text reports could

not be obtained (most of these were incomplete references to un-

published studies conducted decades ago by toothpaste manufac-

turers). One hundred and ten (110) reports were considered im-

mediately irrelevant for this review (largely as a result of the type of

interventions compared with, or used in addition to fluoride tooth-

paste, including head to head studies without a placebo group).

Thus, 118 studies (179 reports) are considered/cited in this review.

These comprise 120 reports relating to 74 included studies, 49

reports relating to 36 excluded studies, and 10 reports relating to

eight studies waiting assessment: either because they require trans-

lation (three reports in Polish of two studies, two reports/studies

in Japanese, one report/study in German), or because translations

and/or attempted contact with the authors have not ascertained

whether all inclusion criteria have been met (two reports, one in

French and another in Dutch, of one study), or because additional

information could not be obtained yet for two studies in abstract

form. There were no reports of ongoing studies.

Thirty non-English reports (19 studies) are listed either under

excluded or included studies. Three of these (three studies) were

excluded either on the basis of the English abstract alone, or due

to the availability of a full-text English report of the same study;

four reports/studies were included based on an English publication

related to the same study; and one report of an excluded study had

other publications that did not require translation. There remained

22 non-English reports that have been fully assessed (12 studies):

14 in German (by a German translator, with the contact reviewer),

three in French (by a French translator, with the reviewer), one in

Russian (by a Russian translator, with the reviewer), one in Czech

(by a Czech translator, with the reviewer), one in Japanese (by a

Japanese translator, with the reviewer), and two in Italian (by the

contact reviewer).

Excluded studies

See Characteristics of excluded studies table for the description of

reasons for rejecting each study.

The thirty-six studies in this section were excluded for a variety of

reasons. One study was clearly not randomised/quasi-randomised.

One study randomised two clusters, each to one of the two groups

compared. Six studies did not mention or indicate random/quasi-

random allocation nor blind outcome assessment. Six studies did

not mention random or quasi-random allocation (but used/indi-

cated blind outcome assessment), and two other studies did not

state/indicate blind outcome assessment (but indicated random

allocation); the attempt to contact the author(s) of these studies

was unsuccessful and they were excluded.

Ten studies had other active agents or other fluoride-based inter-

ventions in addition to fluoride toothpaste. Three of these also

did not state/indicate blind outcome assessment; another had only

two clusters (one as each group); and another included partici-

pants older than those considered in this review.

Two studies included institutionalised children with specific health

problems. One of these also included young adults. Eight studies

included participants older than 16 years old. One of these did not

mention blind outcome assessment; three others did not mention

or indicate random/quasi-random allocation; and another did not

mention or indicate random/quasi-random allocation nor blind

outcome assessment.

Included studies

See Characteristics of included studies table for details of each

study.

There are 74 trials included. The studies by Forsman 1974;

Hargreaves 1973; Marthaler 1970; Zacherl 1970; Held 1968;

Marthaler 1965; Torell 1965 and one of the three studies by Koch

1967 have been treated as two (or more) independent trials each,

since the results for two (or more) age groups and/or study sites

in these studies have been reported separately as distinct studies.

There were also completely distinct studies published as such in the

same year by the same author: Zacherl 1972/Zacherl 1972a; Koch

1967a/Koch 1967b/Koch 1967c; and Slack 1967/Slack 1967a. All

120 reports were published between 1955 and 1996. The seventy-

four trials were conducted between 1954 and 1994: three in the

1950s, 41 in the 1960s, 28 in the 1970s, one in the 1980s, and

one in the 1990s. Twenty-four trials were conducted in USA, 20

in UK, nine in Sweden, six in Switzerland, five in France, three

in Australia, two in Canada, and one in each of the following

countries: Denmark, Norway, FRG, Italy, and Israel. Thirty-five

studies had more than one publication, 12 of these had four or

more published reports each. Fifty-five studies acknowledged as-

sistance (product provision, etc) and/or financial support from flu-

oride toothpaste manufacturers. Of a total of twenty-two studies

whose authors were sent request letters for unpublished informa-

tion, replies related to four studies were obtained.

Design and methods
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Twenty-two studies had more than one fluoride toothpaste treat-

ment group compared to a control (multi-treatment studies) and

among these, two trials had two treatment groups and two placebo

control groups. Ten trials used a factorial design to investigate the

effects of multiple topical fluoride interventions. All trials used a

placebo or non-fluoride toothpaste control group. The study du-

ration (indicated by the total length of follow up as well as the

treatment duration) ranged from 1 to 7 years among included tri-

als: seven lasted 4 years or more, 36 lasted 3 years, 27 lasted around

2 years, and the remaining four lasted 1/1.5 years. Studies were

generally large with only nine allocating less than 100 children to

relevant study groups. The total number of children participat-

ing in the 74 trials (given by the sample analysed at the end of

the trial period) was 45,073, and ranged from 32 in the smallest

trial to 2008 in the largest trial (average of 609 participants per

trial). With the exception of five trials, where participants were in

orphanages/institutions, participants were recruited from school

settings.

Participants

All included trials reported that the participants were aged 16 or

less at the start, with similar numbers from both sexes (where these

data were reported); the exceptions were Ran 1991, who included

male participants only in the study, and the two trials of Slack

1967; Slack 1967a that included only females. The ages of the

children at the start of the trials ranged from 5 to 16 years; at

least 49 trials included children who were 12, at least four trials

included children younger than 6 years of age (5 year-olds) and

18 trials included children who were 5 or 6 (in which deciduous

teeth caries increment data could have been reported). Decayed,

(missing) and filled surfaces (D(M)FS) data at baseline were re-

ported in all but five studies, and ranged from 0.97 to 17.4 (this

includes the study by Cahen 1982, where data for the control

group only were available); only baseline data for deciduous tooth

surface (dfs) were reported in one of the studies by Hargreaves

1973 (although it did not report caries increment data for the de-

ciduous dentition). Where information on ’background exposure

to other fluoride sources’ was available/obtained, 11 studies were

conducted in fluoridated communities (water fluoridation in six,

low salt fluoridation in five), and 49 in low/non-fluoridated ar-

eas; generalised use of other fluoride programmes (rinsing) was re-

ported in only two of these. For the two trials where the interven-

tion was tested under supervision at school and no supply of any

toothpaste had been provided for home use, data on general use

of fluoride toothpaste at home could not be obtained for one trial

(Ran 1991) and was assumed based on study location and year

started for the other (Koch 1967c). Thus, some form of fluoride

exposure could be considered for 13 trials, and no exposure for

46; this information was not available for 15 trials.

Interventions

Fifty-six of the included trials reported unsupervised (ad libitum)

use of toothpaste at home, and in the remaining trials toothpaste

was used under supervision either at school (13 trials, 11 of which

reported provision of enough toothpaste for ad libitum home use)

or institution (five trials). Toothpaste was administered using a

toothbrush in all trials. A variety of fluoride agents were tested,

including stannous fluoride (SnF2) in 29 trials, sodium monoflu-

orophosphate (SMFP) in 27 trials, sodium fluoride (NaF) in 14

trials, amine fluoride (AmF) in eight trials, acidulated phosphate

fluoride (APF) in five trials, and mixed agents in five trials (SMFP-

NaF in three, NaF-SnF2 in two); these were formulated with var-

ious abrasive systems (see table). The fluoride concentrations used

in a toothpaste ranged from 250 ppm F to 2500 ppm F (SMFP-

NaF); but the 1000/1100 ppm F toothpaste concentration was

tested in at least 56 trials (the two studies which did not report

these data are likely to have used this fluoride concentration). Ten

studies investigated toothpaste with fluoride levels of 1250/1500

ppm F, and five studies investigated toothpaste with fluoride levels

less than 1000 ppm F (250 ppm F was tested in three studies and

500 ppm F was also tested in three studies but one of the stud-

ies tested both concentrations). Six studies tested toothpaste with

fluoride levels above 1500 ppm F (2400/2500 ppm F).

The brushing frequency did not vary greatly among studies, with

only 12 studies among the 74 reporting other than daily frequen-

cies (this was assumed when data were not reported): a frequency

of less than once a day in five studies where supervised toothbrush-

ing at school was performed, and a frequency of twice a day or

more in seven studies (five of which were also studies where super-

vised brushing was performed). Data on the amount of toothpaste

used and the duration of toothbrushing were reported in very few

studies (amount reported either in ’gr’ or in ’cm’ dispensed over

the brush). As regards the performance of some form of oral rins-

ing after toothbrushing, this was reported in two studies in the

UK only (where toothpaste use was supervised at school) and was

said to have been ’instructed’ in three studies in Sweden (where

toothpaste use was not supervised), but there were no reports spec-

ifying the method used for post-brushing rinse (e.g. with or with-

out a beaker); as long as performed with water (if with a fluoride

solution the trial would have been excluded), the post-brushing

rinsing was considered by the reviewers as part of the method of

toothpaste use and not as a separate intervention on its own.

Outcome measures

All but three of the 74 included trials reported caries increment

data: 71 trials reported caries increment at the tooth surface level

(D(M)FS), but d(e/m)fs/d was not reported in any of these, and

53 trials reported caries increment at the tooth level (D(M)FT).

With regard to the components of the DMFS index used, 49 tri-

als reported DMFS data, 33 reported DFS data, and one trial

reported DS data only (DFS data were chosen over DMFS data
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in 12 of the trials). With regard to the types of teeth/surfaces as-

sessed, results based on all tooth surface types were reported in all

71 trials that reported caries increment data, but results have also

been reported separately for first molars, anterior/posterior teeth,

approximal surfaces, occlusal and other surface types in many tri-

als (see table). Thirty-three trials presented D(M)FS data at more

than one follow-up time; follow up of 3 years was the most com-

mon (reported in 44 trials). In three trials, assessments of D(M)FS

increments were also made during a post-intervention follow-up

period.

Clinical (73 trials) and radiographic (65 trials) examinations pro-

vided the definition of different stages or grades of caries lesions.

These have been grouped into two basic grades for each method of

examination: NCA = non-cavitated incipient enamel lesions clin-

ically visible as white spots or discoloured fissures; CA = lesions

showing loss of enamel continuity that can be recorded clinically

(undermined enamel, softened floor/walls) or showing frank cavi-

tation; ER = any radiolucency in enamel/enamel-dentine junction;

DR = radiolucency into dentine. Many trials presented results us-

ing one caries grade only (usually CA/ER or CA/DR), others ei-

ther did not report the grade, in which case CA was assumed, or

reported caries increment data at both levels of diagnosis, in which

case CA was chosen. Data on the state of tooth eruption con-

sidered were not clearly specified in many trials. The five studies

of Marthaler used partial recording as opposed to the full-mouth

recording used in all others.

Other dental caries data reported: caries incidence/attack rate (13

trials, including one trial reporting caries rate in the deciduous

dentition), caries progression (five trials, four of which reporting

the Extrapolated Carious Surface Increment Index (ECSI)), pro-

portion of children developing new caries (six trials), proportion

of children not remaining caries-free (two trials), proportion of

teeth developing new caries and failures, carious teeth, over time

(one trial), proportion of caries-free teeth/surfaces which devel-

oped caries (two trials).

Data on adverse effects were (partially or fully) reported in 12

trials: stain score (three trials), proportion of children with tooth

staining (seven trials), proportion of children who complained of

tooth staining (one trial), oral soft tissues lesions (three trials, none

of which with complete or useable data, and with the following

statement in all three: “no lesions attributable to product use were

noted”). Fluorosis data have not been reported in any of the trials.

Risk of bias in included studies

Based on 28 studies included in the topical fluoride reviews and

randomly selected for assessment of reproducibility and agreement

between two reviewers, inter-rater reliability was excellent (89%)

for both allocation concealment and blinding, and agreement was

good for allocation (Kappa = 0.61) and very good for blinding

(Kappa = 0.73).

In general, studies included essential features of clinical trials: ran-

domised groups, double-blind designs and placebo controls. Nev-

ertheless, there were differences in their methodological quality

(using the reported information and additional information ob-

tained from a few investigators).

Allocation concealment

Eleven of the trials which described the randomisation process

or whose investigators provided further information in answer

to our enquiry could be coded A (e.g. adequate concealment of

allocation). Fifty-six included trials were described as randomised

but provided no description of the allocation process and were

coded B. Seven trials were quasi-randomised and coded C.

Blinding

Blind outcome assessment and use of placebo (double-blinding,

score A) was described in all but two trials where blind outcome

assessment was unclear but indicated (score C), and these were

placebo-controlled trials. In three trials the fluoride-free toothpaste

used as control was not a true placebo (flavour and/or colour

somewhat different from test toothpastes). Single-blinding (blind

dental caries assessment but no placebo used) was not described

in any trial.

Follow up and withdrawals

All the participants included in the final analysis/present at the

end of each study, as a proportion of all the participants present at

start in all studies was 72% (38,868 analysed out of 53,710 ran-

domised), excluding the 13 studies with no data on participants

randomised to relevant groups. Drop-out rates could be obtained

from all but one of the 74 included studies. There was considerable

variation in drop-out rates ranging from 4% at 2 years to 66% at

3 years. A common reason for attrition was that participants were

not available for follow-up examination at the end of the study;

exclusions based on presence in all follow-up examinations were

reported in 26 trials, and exclusions based on compliance were

reported in three trials. Other reasons for exclusions (when given)

included change of residence, and characteristics of participants

also used as eligibility criteria before randomisation (e.g. starting

use of orthodontic bands). A few trials reported the numbers ex-

cluded according to reason for attrition, but only two trials re-

ported this by study arm.

Others

Type of randomisation: stratified randomisation was used in the

majority of trials (but only one described use of blocking).

Unit of randomisation/analysis: none of the trials reported the use

of cluster randomisation. Individuals were allocated to study arms

in all trials, and each participant’s caries increment, over a period
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of time was used as the unit of analysis (as the units of recording,

the tooth or surface, are not independent within a given subject).

Baseline comparisons and handling of any differences: two trials

did not report any baseline data, four of the trials described as ’bal-

anced’ (for which randomisation may have produced nearly exact

balance) did not report the actual values for the baseline character-

istic ’initial caries levels’ (D(M)FS/T). Some degree of imbalance

was reported in a few trials (for characteristics considered most in-

fluential, usually initial caries levels) and generally either described

as not significant or adjustment mentioned to have resulted in

trivial differences in effect estimates. In three of the smallest trials

by Held 1968, imbalances were most pronounced.

Objectivity/reliability of primary outcome measurement: diagnos-

tic methods used (clinical or radiographic) were described in all

studies, but thresholds/definitions used for caries and monitoring

of diagnostic errors were not always clearly described (see ’Notes’

in the Characteristics of included studies table for methodological

features assessed).

Effects of interventions

Effect of fluoride toothpaste on dental caries

increment

The effects of fluoride tooothpastes on dental caries increment (as

measured by the DMF index) were reported in a variety of different

ways in the included studies. Where appropriate and possible these

have been combined to produce pooled estimates as described in

the Methods section. The results are reported separately here for:

(1) Decayed, (Missing) and Filled Surface Prevented Fraction

(D(M)FS PF);

(2) Decayed, (Missing) and Filled Teeth Prevented Fraction

(D(M)FT PF);

(3) D(M)FS and D(M)FT pooled using a standardised mean dif-

ference (SMD). Estimates of the effects of fluoride toothpastes on

caries increment as measured by the dmf index in deciduous teeth/

surfaces could not be produced for this review, as there was no

study contributing data. However, there was a single trial report-

ing caries incidence rate data for deciduous teeth, the results of

which are described below.

Three included studies (Homan 1969; Powell 1981; Slack 1964)

had no (caries increment) data suitable for meta-analysis, although

they are retained in the review. Standard deviations (SD) of mean

caries increment data (new D(M)FS) were (partly) missing in 16 of

the 71 studies which contributed data (Abrams 1980; Dolles 1980;

Fogels 1979; Forsman 1974; Forsman 1974a; Hargreaves 1973;

Hargreaves 1973a; Hargreaves 1973b; Held 1968; Held 1968a;

Held 1968b; James 1977; Kinkel 1972; Muhler 1955; Ran 1991;

Segal 1967). From the analysis of the 179 available treatment arms

for the topical fluoride reviews with complete information (as of

October 1999) we derived a regression equation log (SD caries in-

crement) = 0.64 + 0.55 log (mean caries increment), (R2 = 77%).

This equation was used to estimate missing standard deviations

from mean D(M)FS increments for the meta-analyses. Similarly,

this same regression equation was used to estimate missing stan-

dard deviation data for 10 of the 53 trials reporting D(M)FT data

(Abrams 1980; Fogels 1979; Hargreaves 1973; Hargreaves 1973a;

Hargreaves 1973b; Held 1968; Held 1968a; Held 1968b; Muhler

1955).

We have decided to exclude the trial of Ran 1991 from all analyses

because the control DMFS increment was very small (0.2) in this

trial, resulting in a poor estimate of PF.

(1) Effect on tooth surfaces: D(M)FS PF

For all 70 trials combined, the D(M)FS PF pooled estimate was

0.24 (95% confidence interval (CI), 0.21 to 0.28; P < 0.0001),

suggesting a substantial benefit from the use of fluoride toothpaste.

The CIs are relatively narrow, but substantial heterogeneity in

results could be observed graphically and statistically (Q = 489.89

on 69 degrees of freedom, P < 0.0001).

For each study, the D(M)FS PF and 95% CIs can be viewed

in the Additional tables; the results of the random-effects meta-

analysis of D(M)FS PFs (performed in Stata) are presented in

Additional Table 1: Meta-analyses of prevented fractions. A for-

est plot showing the effects of fluoride toothpaste (PFs and 95%

CIs) on D(M)FS increments resulting from this meta-analysis

is available on the Cochrane Oral Health Group web site (

www.ohg.cochrane.org).

Table 1. Meta-analyses of prevented fractions

Analysis Number of studies RE estimate 95% CI Meta-analysis P-value Heterogeneity test

D(M)FS - all studies 70 24% 21% to 28% P < 0.0001 Q = 489.89 (69 df ); P <

0.0001

D(M)FT - all stud-

ies

53 23% 19% to 28% P < 0.0001 Q = 541.04 (52 df ); P <

0.0001
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Metaregression and sensitivity analyses: D(M)FS PF

Univariate metaregression suggested a significant association be-

tween estimates of D(M)FS PFs and the following trial character-

istics: baseline caries levels, fluoride concentration, and frequency

of use, as well as ’total intensity of application’ (frequency times

concentration). There was no significant association between es-

timates of D(M)FS PFs and the pre-specified factors background

exposure to fluoridated water or background exposure to any flu-

oride source. Further univariate metaregression analyses showed

a significant association of mode of toothpaste use (supervised/

unsupervised) and of drop-out rate with the PF, but no signifi-

cant association between this and length of follow up (duration of

study) or allocation concealment (random/quasi-random).

The association between baseline caries and D(M)FS PF remained

significant (and the regression coefficients almost unchanged)

when each one of the above investigated potential effect modifiers

were included in bivariate metaregression analyses (for each covari-

ate, significant and non-significant associations remained the same

as in the previous univariate analyses). The association between

fluoride concentration and D(M)FS PF did not remain significant

when adjusted for background exposure to water fluoridation/ex-

posure to any fluoride, frequency of use, or intensity of application

in bivariate metaregression, but the association between frequency

of use or intensity of application and D(M)FS PF remained sig-

nificant when adjusted for fluoride concentration. Further bivari-

ate metaregression analyses showed that the association between

frequency of toothpaste use and D(M)FS PF remained significant

when adjusted for each one of the above investigated covariates,

except for background exposure to water fluoridation/exposure to

any fluoride. Likewise, mode of toothpaste use (supervised/unsu-

pervised) or drop-out rate remained significant when adjusted for

each covariate, except for background exposure to water fluorida-

tion/exposure to any fluoride.

When the effect of each covariate (baseline caries, background ex-

posure to water fluoridation, exposure to any fluoride, fluoride

concentration, frequency of use, mode of toothpaste use, alloca-

tion concealment and drop-out rate) was controlled for all others

there remained strong associations between PF with baseline caries

(0.7% increase in PF per unit increase in caries, 95% CI, 0.3 to

1.17%; P = 0.002), mode of use (10% lower PF with unsuper-

vised brushing, 95% CI, -17 to -4%; P = 0.001), and drop-out

rate (2.8% increase in PF per 10 drop outs, 95% CI, 0.6 to 5%;

P = 0.012); and a just non-significant association with fluoride

concentration (7.7% increase in PF per 1000 ppm F, 95% CI, -

0.03 to 15%; P = 0.051).

The influence of type of fluoride agent present in the toothpaste on

the prevented fraction was also investigated in metaregression. This

analysis was restricted to the two-arm trials that tested only one

of the four main fluoride agents in toothpaste (22 trials of sodium

monofluorophosphate, 19 of stannous fluoride, 10 of sodium fluo-

ride, and five of amine fluoride). No significant differences among

these or between each and the others were indicated.

Other potential effect modifiers have not been investigated either

because they were not relevant for this review (e.g. blind outcome

assessment, since virtually all trials were double-blind) or due to

lack of data (e.g. post-brushing rinsing habit).

Metaregression results for all potential effect modifiers (univariate

analyses) are given in Additional Table 2: Random-effects metare-

gression analyses of prevented fractions: D(M)FS. Although the

number of data points (studies) in this review is unusually high,

reducing the possibility of spurious claims of association, these

results must be interpreted with caution given the large number

of comparisons made and the observational nature of the compar-

isons.

Table 2. Random-effects metaregression analyses of prevented fractions: D(M)FS

Characteristic Number of studies Slope estimate 95% CI Slope interpretation P-value

Mean baseline caries 67 0.7% (0.07% to 1.3%) Increase in PF per unit

increase in mean base-

line caries

0.03

Fluoridated water 56 3.2% (-4% to 11%) Higher PF in presence

of water fluoridation

0.4

Background

fluorides

56 0.6% (-6% to 8%) Higher PF in pres-

ence of any back-

ground fluoride

0.9

Concentration of

fluoride

69 8.3% (1% to 16%) Increase in PF per

1000 ppm F

0.03
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Table 2. Random-effects metaregression analyses of prevented fractions: D(M)FS (Continued)

Frequency of tooth-

brushing

70 14% (6% to 22%) Increase in PF moving

from once to twice a

day

< 0.0001

Intensity (freq times

conc)

69 5.9% (3.0% to 8.9%) Increase in PF equiva-

lent to doubling from

once to twice a

day and increasing by

1000 ppmF

< 0.0001

Mode of use 70 -11% (-18% to -4%) Lower PF with unsu-

pervised toothbrush-

ing

0.03

Allocation conceal-

ment

70 3.2% (-7% to 13%) Higher PF with poorly

concealed allocation

0.5

Drop out 70 2.6% (0.2% to 5%) Increase in PF per 10

drop outs

0.04

Length of follow up 70 0.8% (-4.2% to 5.7%) Increase in PF per ex-

tra year of follow up

0.8

SMFP vs NaF (indi-

rect comparison)

32 - 2.6% (-11.8% to 6.5%) PF lower among

SMFP trials

0.6

AmF vs NaF (indi-

rect comparison)

15 3.2% (-11.0% to 17.3%) PF higher among

AmF trials

0.7

SnF2 vs NaF (indi-

rect comparison)

29 -4.8% (14.1% to 4.5%) PF lower among SnF2

trials

0.3

We performed a sensitivity analysis for the main meta-analysis

of D(M)FS PFs by excluding two trials (Dolles 1980; Kleber 1996)

in which non-fluoride active agents were present in both fluoride

and control groups (distinct agents in each trial), making these

trials different in this way from all others that had been included.

The D(M)FS PF pooled estimate resulting from the exclusion of

both trials was identical to the analysis that includes them. These

are small trials that carry little weight, and had minimal effect in

a meta-analysis that includes so many larger studies.

In order to illustrate the magnitude of the effect, numbers of chil-

dren needed to treat (NNT) to prevent one D(M)FS were calcu-

lated based on the pooled D(M)FS PF and on the caries incre-

ments in the control groups of the trials that contributed data to

the meta-analysis. The overall caries-inhibiting effect (%PF) de-

rived from the pooled results of the 70 trials was 24% (95% CI, 21

to 28); the caries increments ranged from 1.14 to 7.66 D(M)FS

per year. In populations with a caries increment of 1.14 D(M)FS

per year (at the lowest end of the results seen in the included stud-

ies), this implies an absolute caries reduction of 0.27 D(M)FS per

year, equivalent to an NNT of 3.7 (95% CI, 3.1 to 4.2): i.e. 3.7

children need to brush with a fluoride toothpaste (rather than a

non-fluoride toothpaste) to avoid one D(M)FS. In populations

with a caries increment of 2.6 D(M)FS per year (at the mid range

of the results seen in the included studies), this implies an absolute
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caries reduction of 0.62 D(M)FS per year, equivalent to an NNT

of 1.6 (95% CI, 1.4 to 1.8): i.e. 1.6 children need to brush with

a fluoride toothpaste to avoid one D(M)FS.

Funnel plot and test for funnel plot asymmetry: D(M)FS PF

A funnel plot of the 70 trials reporting D(M)FS PFs may look

asymmetrical, but the weighted regression test for asymmetry (

Egger 1997) was not statistically significant (asymmetry intercept

(95% CI) = -0.85 (-2.53 to 0.83) (P = 0.32)). There is, therefore,

no evidence of bias using this method.

The funnel plot is available on the Cochrane Oral Health Group

web site (www.ohg.cochrane.org).

(2) Effect on whole teeth: D(M)FT PF

Fifty-three trials reported data which allowed the calculation of the

D(M)FT PF. All 53 are also included in the analysis of D(M)FS

PF. The results of these analyses are very similar to those reported

above.

The pooled estimate of D(M)FT PF was 0.23 (95% CI, 0.18 to

0.28; P < 0.0001), suggesting, again, a substantial benefit of fluo-

ride toothpaste, within relatively narrow CIs, and with substantial

heterogeneity between trials (Q = 541.04 on 52 degrees of free-

dom, P < 0.0001).

For each study, the D(M)FT PF and 95% CI can be viewed in the

Additional tables. The results of the random-effects meta-analyses

of D(M)FT PFs performed in Stata are also presented in Additional

Table 1: Meta-analyses of prevented fractions.

(3) Alternative treatment effect measure: Standardised

mean difference (SMD)

Due to the character of D(M)FS data, mean caries increments are

closely related to their SDs (they are about the same). Thus, meta-

analyses using SMDs (the difference between two means divided

by an estimate of the within group standard deviation) yielded ma-

terially similar results to those using PFs (the difference in mean

caries increments between the treatment and control groups di-

vided by the mean increment in the control group). We therefore

decided to present D(M)FS and D(M)FT SMDs in RevMan, since

it was not possible to present the main outcome analyses with PFs

in MetaView/RevMan.

For the seventy trials, the pooled D(M)FS SMD estimate was 0.31

(95% CI, 0.27 to 0.36; P < 0.0001). There was substantial hetero-

geneity between trials (Chi2 = 271.88 on 69 degrees of freedom, P

< 0.0001). Although the results of this analysis are similar to that

of the random-effects meta-analysis of D(M)FS PF, they are not

totally consistent. This may well be due to differences between

caries increment rates and standard deviations in some of the arms

of the included studies.

The pooled estimate of D(M)FT SMD based on the 53 trials that

contributed data was 0.28 (95% CI, 0.24 to 0.33; P < 0.0001).

There was statistically significant heterogeneity (Chi2 = 177.38 on

52 degrees of freedom, P < 0.0001). These results are consistent

with those found in the random-effects meta-analysis of D(M)FT

PF.

Effect on deciduous dentition: df-rate PF (results from one

trial)

There was one large trial involving 2008 children aged 6 to 9 years

(Cahen 1982) reporting on the number of new decayed or filled

teeth per 100 observed primary teeth (’df-rate’). Although the SDs

(or data from which these could be derived) were missing the PF

for this trial was 0.37 (95% CI not available), significant at the

0.1% level (P < 0.001).

Effect of fluoride toothpaste on other outcomes

Some trials report data for other relevant outcomes (see ’Outcome

measures’ under Description of studies). Most of these are sim-

ply other measures/indices for dental caries increment in perma-

nent teeth/surfaces and require no further consideration; seven

trials report on the proportion of children developing new caries.

Meta-analyses results for the proportion of children developing

new caries are presented below. The few trials that report data on

adverse effects are mainly early studies conducted in the 1960s re-

porting on tooth staining from the use of stannous fluoride tooth-

paste. Meta-analyses results for the proportion of children with

tooth staining are also described below.

Proportion of children developing new caries

Seven trials reported results on the proportion of children develop-

ing one or more new caries (Dolles 1980; Forsman 1974; Forsman

1974a; Hanachowicz 1984; Kleber 1996; Marthaler 1974; Torell

1965). The pooled estimate (random-effects meta-analysis) of the

risk ratio (RR) was 0.91 (95% CI, 0.80 to 1.04; Chi2 for hetero-

geneity 23.09 on 6 degrees of freedom, P = 0.0008). This corre-

sponds to an NNT to prevent one child from developing caries of

20 (95% CI, 8 to 100) in a population with a caries risk the same

as that found in the control groups in these trials (20 children

using fluoride toothpaste for 2 to 3 years will prevent new caries

development in one child).

Proportion of children with tooth staining

Data on the proportion of children with extrinsic tooth stain-

ing (light to dark coloured) were fully reported in five trials of

stannous fluoride toothpaste carried out in the UK (James 1967;

Naylor 1967; Slack 1964; Slack 1967; Slack 1967a). These trials

measured this outcome at the end of 2 to 3 years (2 trials) and

during the last year of a 3-year period (3 trials). The pooled es-

timate (random-effects meta-analysis) of the risk difference (RD)

between the toothpaste and placebo arms was 0.24 (95% CI, 0.19
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to 0.30; Chi2 for heterogeneity 17.3 on 4 degrees of freedom, P =

0.0017), i.e. clearly favouring the placebo arm. This is equivalent

to a number needed to harm (NNH) of 4.2 (95% CI, 3.3 to 5.3):

i.e. in a population of children with the same underlying risk of

tooth staining as controls in these studies, 4.2 children using stan-

nous fluoride containing toothpaste would be associated with one

extra case of tooth staining.

D I S C U S S I O N

The main question addressed by this review is the effectiveness of

fluoride toothpaste for the prevention of dental caries in children

compared to placebo. Over 42,300 children participated in the

74 included trials. For the great majority of children the fluoride

toothpaste they used was either a sodium monofluorophosphate

(SMFP) or a stannous fluoride (SnF2) formulation, usually in the

concentration of 1000 ppm F, followed by sodium fluoride (NaF)

and the other fluoride formulations.

There is clear evidence that fluoride toothpastes have a caries-

inhibiting effect. The pooled results of the 70 studies assessing the

effect of fluoride toothpaste on the permanent dentition suggest

that the use of this intervention is associated on average with a 24%

reduction in decayed, missing and filled tooth surfaces (D(M)FS),

and this reduction falls within narrow confidence intervals (CIs)

(21 to 28%). This means that 1.6 children need to brush with

a fluoride toothpaste (rather than a non-fluoride toothpaste) to

prevent one decayed, missing or filled tooth surface, in a child

population with a caries increment of 2.6 D(M)FS per year (at

the mid range of control group caries rates seen in the included

studies). In populations with caries increment at the lowest level

seen in the included studies (1.1 D(M)FS per year), 3.7 children

will need to use a fluoride toothpaste to avoid one decayed, missing

or filled tooth surface.

Only one study reported the effects of fluoride toothpastes on

caries increment in deciduous teeth/surfaces. This large trial in-

volving 2008 children aged 6 to 9 years, reported on the number

of new decayed or filled teeth per 100 observed primary teeth (’df-

rate’). The authors report a substantial reduction in caries incre-

ment (37%) which is reported to be highly statistically significant

(P < 0.001).

A secondary aim of this review was to examine whether there was

any relationship between the caries-preventive effectiveness of flu-

oride toothpaste and the initial level of caries severity, background

exposure to other fluoride sources, fluoride concentration, and ap-

plication features such as the frequency of toothpaste use. A sig-

nificant influence of the variables initial level of caries, concentra-

tion of fluoride, and frequency of fluoride toothpaste use on the

prevented fraction (PF) was shown in the metaregression analyses

performed. There was a clear 1% increase in the PF per unit in-

crease in mean baseline caries, an 8% increase in the PF per 1000

ppm F concentration, and a 14% increase in the PF moving from

once to twice a day frequency of fluoride toothpaste use.

There was a constant relative increase in the PF as trials involved

children with higher initial D(M)FS scores (baseline risk of the

study population), although the magnitude of the effect was small.

This implies that as the caries levels of a community decline, the

percentage caries reductions will decrease. This does not necessar-

ily imply that a low baseline caries level in a community justifies

reducing the concentration of fluoride in the paste or reducing the

frequency with which it is used, a decision which must depend on

the overall balance of risks and benefits.

The suggested greater treatment effect with increased fluoride con-

centration is consistent with that reported in two large clinical tri-

als directly comparing different fluoride concentrations in tooth-

paste (dose-response relationship): they reported that an increase

in fluoride of around 500 ppm F in toothpastes containing 1000-

2500 ppm F brings an additional 6% reduction in caries (Stephen

1988; O’Mullane 1997). The influence of application frequency

on treatment effect suggested in this review is substantial (14%

absolute increase in the PF). This is also in agreement with results

from recent clinical trials, which show that the habits of children

and adults using fluoride toothpaste, for instance, the frequency

of use, influence effectiveness (Chesters 1992; O’Mullane 1997;

Chestnutt 1998; Ashley 1999). These studies indicate that brush-

ing twice a day or more with a fluoride toothpaste confers greater

caries reductions than brushing once a day or less. Furthermore,

significantly greater treatment effect with increased frequency and

intensity of topical fluoride application is indicated in a previous

systematic review in this series (Marinho 2002). Although metare-

gression analyses including 70 trials should have sufficient power

to detect such relationships, more robust investigations of these

aspects of the intervention require direct, head to head compar-

isons of different fluoride concentrations and frequencies of ap-

plication, which were not within the scope of this review.

We were unable to detect a clear relationship between background

exposure to other fluoride sources and the magnitude of the treat-

ment effect. This may have been partly influenced by potential

misclassification, especially due to the incomplete reporting of data

for exposure to fluorides other than water. However, the lack of

association between exposure to water/salt fluoridation and treat-

ment effect, based on analysis including 56 trials (11 of which in

fluoridated areas) implies that estimates of treatment effect were

similar between trials conducted in fluoridated and non-fluori-

dated areas (fluoride toothpaste use provides additional caries re-

duction in subjects from fluoridated areas).

We made a thorough attempt to investigate potential sources of

heterogeneity in this review, examining factors related to partici-

pants, interventions and study quality. Most of the a priori spec-
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ified factors were clearly related to heterogeneity. An association

with treatment effect was found for two of the other factors inves-

tigated in post hoc analyses. The 11% lower estimate of treatment

effect found in trials where the use of fluoride was unsupervised

is perhaps unsurprising. This is likely to reflect more intensive use

of toothpaste when supervised.

We did not detect an association between the main types of fluo-

ride compounds present in toothpaste formulations and the mag-

nitude of the treatment effect. This comparison was restricted to

the two-arm trials that tested one of the four main fluoride agents

in toothpaste (22 trials of sodium monofluorophosphate, 19 of

stannous fluoride, 10 of sodium fluoride, and five of amine fluo-

ride). Although it can provide indirect evidence of relative treat-

ment effects, this is less reliable than evidence from head to head

comparisons which, again, were not within the scope of the re-

view. Two published meta-analyses of the comparative efficacy of

sodium fluoride and sodium monofluorophosphate, the fluoride

toothpaste compounds that currently dominate the market inter-

nationally, report a 7% greater reduction in caries increment with

the use of sodium fluoride formulated in compatible abrasive sys-

tems (Johnson 1993; Stamm 1995).

Although visual inspection suggests a degree of funnel plot asym-

metry the Egger test provided no evidence of a significant rela-

tionship between trial size and effect estimate.

Unfortunately this review provides little information about the risk

of adverse effects. Only five of the trials, all of stannous fluoride

containing toothpaste, reported the risk of tooth staining. Stan-

nous fluoride is seldom used in modern toothpaste formulations.

No information was reported on other adverse effects. The lack

of data on enamel fluorosis in particular is likely in part to reflect

the type of studies considered, the age ranges of the participants

in such trials (5 year-olds and above), and their usual duration of

2 to 3 years. In addition, it is mainly since the late 1980s that the

risks of fluoride toothpaste use by young children have become

controversial, but by this time placebo-controlled trials would not

obtain ethical approval. It could be argued, with regard to the

public health impact of the two conditions, dental caries and flu-

orosis, that one public health problem has been substantially re-

duced and that there is little evidence that another has risen to take

its place. However, the lack of direct evidence on fluorosis from

clinical trials makes it more difficult for policy makers to weigh

the benefits of fluoride toothpaste use in preventing caries against

potential negative effects. The selection of appropriate concentra-

tions of fluoride in toothpaste, for example, requires evaluation of

how they may affect fluorosis as well as caries in young children.

A U T H O R S ’ C O N C L U S I O N S
Implications for practice

This review suggests that the regular use of fluoride toothpaste is

associated with a clear reduction in caries increment. We found

evidence that this relative effect may be greater in those who have

higher baseline levels of decayed, missing and filled tooth surfaces

(D(M)FS). A higher D(M)FS prevented fraction was shown with

increased fluoride concentration, increased frequency of use, and

with supervised brushing (where a higher compliance with fluoride

toothpaste use as recommended should be expected). We found

no evidence that this relative effect was dependent on background

exposure to fluoridated water. Unfortunately, the review provides

little information on the effects of fluoride toothpaste on outcomes

such as caries incidence in the deciduous dentition, and provides

no useful information on the likelihood of adverse effects such as

enamel fluorosis.

Implications for research

The quality of the trials included in this review is generally bet-

ter than those assessing the effects of other topical fluoride inter-

ventions, although many reports lacked important methodologi-

cal details. This is likely in part to be due to the fact that most

are relatively old. Many characteristics considered crucial for ex-

cluding bias, such as clearly stated randomisation and allocation

concealment, have only been more emphasised in later years, long

after most of the toothpaste trials were reported. However, given

the clarity of the results, further randomized comparisons of fluo-

ride toothpaste and placebo alone would be hard to justify. Head

to head comparisons of fluoride toothpaste and other topically

applied fluoride interventions (or non-fluoride caries preventive

strategies) may provide more useful information. These should be

carried out in pre-school children and include the assessment of

caries incidence in the deciduous teeth and of fluorosis in erupting

permanent anterior teeth, and should be of long duration.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Abrams 1980

Methods Stratified random allocation; double-blind (A); placebo-controlled; 48% drop out after 3 years (study

duration = 3 years). Reasons for high drop out described: change of residence, absenteeism, non-adherence

to study protocol; no differential group losses.

Participants 1141 children analysed at 3 years (available at final examination).

Age range at start: 5-12 years. Surfaces affected at start: 3.2 DFS. Background exposure to fluoride: none

reported.

Year study began: in/before 1976.

Location: USA.

Interventions FT (2 groups) versus PL

(both SnF2 groups = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: silica gel in one SnF2 and placebo toothpaste, Ca pyrophosphate in the other SnF2

toothpaste.

Outcomes 3yNetDFS increment - (E+U) (CA)cl+(ER)xr.

Reported at 1, 2 and 3 years follow ups.

DMFT.

DMFS.

DFT.

MD-DFS.

DFT rate.

DFS rate.

Notes Participants randomised (N = 2210).

Baseline characteristics (DFS) ’balanced’ .

Clinical (VT) caries assessment by two examiners, diagnostic threshold = CA. Radiographic assessment

(postBW) by two examiners; diagnostic threshold = ER. State of tooth eruption included = E/U. Intra- and

inter-examiner reproducibility of clinical caries diagnosis (DFS) assessed annually by duplicate examination

of 10% random sample (% of times diagnosis replicated in all 3 examinations ranged 42-97% and 77-

92% for both examiners and for each respectively).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Andlaw 1975

Methods Stratified random allocation; double-blind (A); placebo-controlled; 13% drop out after 3 years (study

duration = 3 years). Main reasons for attrition described: moved away, absent at final examination; no

differential group losses.

Participants 740 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years. Surfaces affected at start: 6.9 DFS.

Background exposure to fluoride: none reported.

Year study began: 1970.

Location: UK.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 3yNetDFS increment - (E+U)(CA)cl+(ER)xr.

Reported at 3 years follow up.

DMFS.

DFT.

DMFT.

PF-DMFS.

MD-BL-DMFS.

MD-DMFS.

O-DMFS.

ECSI.

Notes Participants randomised (N = 846).

Baseline characteristics (age, dental age, TAR, DFS, DMFS, DFT, DMFT, ECSI) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA. Radiographic assessment

(2 postBW) by two examiners; diagnostic threshold = ER. State of tooth eruption included = E/U.

Reproducibility ratio was less than 0.22 for intra-examiner reproducibility of clinical and radiographic

caries diagnosis; “significant differences between examiners could not have affected caries increment figures

since each examined same children annually”.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Ashley 1977

Methods Stratified random allocation; double-blind (A); placebo-controlled; 12% drop out (for all study groups

combined) after 2 years (study duration = 2 years). Natural losses; any differential group losses not

assessable.

Participants 489 children analysed at 2 years (available at final examination).

Average age at start: 12 years.

Surfaces affected at start: 9.1 DFS.
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Ashley 1977 (Continued)

Background exposure to fluoride: none.

Year study began: 1973.

Location: UK.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

School use/supervised, daily, 1g applied for 1 min, post-brushing water rinse done (non-fluoride toothpaste

provided to all for home use).

Abrasive system: IMP (main abrasive).

Outcomes 2yNetDFS increment - (E+U)(NCA)cl+(ER)xr.

Reported at 2 years follow up.

PF-DFS.

MD-BL-DFS.

MD-DFS.

DFS (U).

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, DFS, DMFS, DMFT) ’balanced’.

Clinical (V) caries assessment by one examiner (FOTI used); diagnostic threshold = NCA. Radiographic

assessment (postBW) by one examiner; diagnostic threshold = ER. State of tooth eruption included = E/U.

Intra-examiner reproducibility checks for incremental caries data (icc for clinical 0.95, for radiographic

0.8); reversal rate between 12% and 7% of observed DFS increment in study groups.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Blinkhorn 1983

Methods Stratified random allocation; double-blind (A); placebo-controlled; 10% drop out after 3 years (study

duration = 3 years). Reasons for attrition described with respective total numbers: 57 left school, 12

withdrawn by parents, 6 absent at final examination; no differential group losses.

Participants 368 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years.

Surfaces affected at start: 8.2 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1972.

Location: UK.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

School use/supervised, daily, for 1 min, post-brushing water rinse done (appropriate toothpastes also

provided for home use).

Abrasive system: IMP (main abrasive).

31Fluoride toothpastes for preventing dental caries in children and adolescents (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Blinkhorn 1983 (Continued)

Outcomes 3yNetDFS increment - (E+U)(CA)cl+(DR)xr.

Reported at 3 years follow up.

PF-DFS.

MD-BL-DFS.

MD-DFS.

postMD-DFS.

DFS (U).

DMFT.

anterior DMFT.

posterior DMFT.

DMFT (U).

Notes Participants randomised (N = 410).

Baseline characteristics (DMFS, DMFT, SAR) ’balanced’ (DFS baseline data NR).

Clinical (V) caries assessment by one examiner, diagnostic threshold = CA. Radiographic assessment (1

postBW) by one examiner; diagnostic threshold = DR. State of tooth eruption included = E/U. Intra-

examiner reproducibility checks for incremental clinical and radiographic caries data in 10% sample (icc

score 0.9).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Brudevold 1966

Methods Stratified random allocation; double-blind (’A’); placebo-controlled; 25% drop out (for all study groups

combined) after 2 years (study duration = 2 years). Reasons for attrition NR; any differential group losses

not assessable.

Participants 1278 children analysed at 2 years (present for the entire trial period).

Average age at start: 7-16 years (average = 12).

Surfaces affected at start: 15.7 DFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1961.

Location: USA.

Interventions FT (3 groups)** versus ’PL’

(both SnF2 groups = 1000 ppm F, APF group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in one SnF2 toothpaste, IMP in the other SnF2 and in the APF

toothpaste, control toothpaste abrasive NR.

Outcomes 2yDFS increment - cl+xr.

Reported at 2 years follow up.

DMFS.

DMFT.
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Brudevold 1966 (Continued)

DFT.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (dental age, DFS, DFT, DMFS, DMFT, gender) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA. Radiographic assessment

(10 BW) by one examiner; diagnostic threshold NR. State of tooth eruption included NR. Diagnostic

errors NR.

**NaF-secondary Ca phosphate toothpaste group not considered (abrasive system known to be incom-

patible with NaF).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Buhe 1984

Methods Stratified random allocation; double-blind (A); placebo-controlled; 18% drop out after 3 years (study

duration = 3 years). No differential group losses.

Participants 1286 children analysed at 3 years (available at final examination).

Age range at start: 11-13 years

(average = 12).

Surfaces affected at start: 17.4 DMFS.

Background exposure to fluoride: data not obtained for fluoridation status of site.

Year study began: 1976.

Location: FRG.

Interventions FT (2 groups) versus PL

(SMFP groups = 1000 ppm F and 1500 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP.

Outcomes 3yNetDFS increment - cl+xr.

Reported at 3 years follow up.

DMFS.

DMFS (U).

DMFT.

Notes Participants randomised (N = 1562).

Baseline characteristics (age, TAR, DMFS) ’balanced’ (DFS baseline data NR).

Clinical (VT) caries assessment; diagnostic threshold NR; state of tooth eruption included E/U. Radio-

graphic caries assessment; diagnostic threshold NR.

Risk of bias

Item Authors’ judgement Description
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Buhe 1984 (Continued)

Allocation concealment? Unclear B - Unclear

Cahen 1982

Methods Stratified random allocation; double-blind (A); placebo-controlled; 20% drop out after 3 years (study

duration = 3 years). Natural losses and exclusions based on presence in all follow-up examinations; any

differential group losses not assessable.

Participants 2008 children analysed at 3 years (present for all examinations).

Age range at start: 6-8 years (average = 7).

Surfaces affected at start: 1.4 DMFS (control group only).

Background exposure to fluoride: data not obtained for fluoridation status of site.

Year study began: 1977.

Location: France.

Interventions FT (2 groups) versus PL

(SMFP group = 1500 ppm F, AmF group = 1500 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP in the SMFP and placebo toothpaste, Ca carbonate/Na and Al silicates in the AmF

toothpaste.

Outcomes 3yDMFS increment - cl+xr.

Reported at 3 years follow up.

DMFT.

df-rate.

Notes Participants randomised (N = 2500); numbers by group NR.

Baseline characteristics (age, gender) ’balanced’.

Clinical (V) caries assessment by six examiners; diagnostic threshold = NR; state of tooth eruption included

NR. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold NR; partial recording.

Inter- and intra-examiner reproducibility of clinical and radiographic caries diagnosis assessed in 10%

sample (“good reproducibility, NS difference between or within examiners”).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Di Maggio 1980

Methods Random allocation; double-blind (A); placebo-controlled; 16% drop out (for both study groups combined)

after 2 years (study duration = 2 years). Main reason for attrition described: left institution; any differential

group losses not assessable.

Participants 42 children analysed at 2 years (available at final examination).

Age range at start: 11-12 years. Surfaces affected at start: 11.7 DMFS.
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Di Maggio 1980 (Continued)

Background exposure to fluoride: data not obtained for fluoridation status of site.

Year study began: in/before 1977.

Location: Italy.

Interventions FT versus PL

(SMFP-NaF group = 2500 ppm F).

Institution use/supervised, three times a day.

Abrasive system: not clearly specified.

Outcomes 2yDMFS increment - cl.

Reported at 1 and 2 years follow ups.

DMFT.

Notes Participants randomised (N = 50).

Baseline characteristics (DMFS, DMFT) ’balanced’.

Clinical caries assessment by two examiners; diagnostic threshold NR; state of tooth eruption included

NR. Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Dolles 1980

Methods Stratified random allocation; double-blind (A); placebo-controlled; 22% natural drop out after 2 years

(study duration = 2 years). Reasons for attrition described with numbers by group: unacceptable staining

(3,4), unacceptable taste (2,0), change of residence (0,2), other reasons/lack of co-operation(1,1); exclu-

sions based on presence in all follow-up examinations; no differential group losses.

Participants 47 children analysed at 2 years (present for all examinations).

Average age at start: 13 years. Surfaces affected at start: NR.

Background exposure to fluoride: none. Year study began: 1974.

Location: Norway.

Interventions FT(Chlor) versus PL(Chlor) **

(NaF toothpaste = 500 ppm F).

Home use/unsupervised, daily frequency assumed (instructed to brush for 2 min twice a day).

Abrasive system: plastic particles.

Outcomes 2yDS increment - (CA)cl+(ER)xr.

Reported at 2 years follow up.

Proportion of children with new carious surface.

Notes Participants randomised (N = 60).

Baseline characteristics NR.

Clinical (VT) caries assessment, diagnostic threshold = CA; state of tooth eruption included NR. Radio-
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Dolles 1980 (Continued)

graphic assessment (postBW), diagnostic threshold = ER. Diagnostic errors NR.

**Chlorhexidine present in both, the fluoride and the non-fluoride toothpaste groups (other outcomes

measured, such as tooth staining, not considered relevant for the comparison of interest).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Fanning 1968

Methods Stratified random allocation; double-blind (A); placebo-controlled; 22% natural drop out after 2 years

(study duration = 2 years); no differential group losses (46% drop out based on analysis performed for

randomised block design).

Participants 844 children analysed at 2 years (422 complete replicates of each group available).

Age range at start: 12-14 years (average = 13). Surfaces affected at start: 17.7 DMFS (from sample

randomised). Background exposure to fluoride: none. Year study began: 1964. Location: Australia.

Interventions FT** versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP.

Outcomes 2yDMFS increment - (CA)cl+(ER)xr.

Reported at 2 years follow up.

Stain score.

Notes Participants randomised (N = 1576).

Baseline characteristics (DMFS, DMFT, SAR) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA. Radiographic assessment (5

BW) by two examiners; diagnostic threshold = ER. State of tooth eruption included = E/U. Intra- and inter-

examiner reproducibility of clinical caries diagnosis (DFS) assessed annually by duplicate examination of

10% random sample (“error relatively small, NS difference between or within examiners”).

**Na N-lauroyl sarcosinate/SMFP toothpaste group not considered (additional non-F active agent used

in this group only).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Fogels 1979

Methods Random allocation; double-blind (A); placebo-controlled; 40% drop out after 3 years (study duration =

3 years). Reasons for attrition described: graduations, change of residence/school, parental requests, and

ortho treatment; no differential group losses.

Participants 1339 children analysed at 3 years (available at final examination).

Age range at start: 6-11 years (average = 9).

Surfaces affected at start: 4.9 DFS. Background exposure to fluoride: none reported.

Year study began: 1972.

Location: USA.

Interventions FT (2 groups) versus PL

(both SnF2 groups = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: silica gel in one SnF2 and placebo toothpaste, Ca pyrophosphate in the other.

Outcomes 3yNetDFS increment - (CA)cl+(ER)xr.

Reported at 3 years follow up.

MD-DFS.

DFS (U).

DMFT.

Oral soft tissues lesions (data NR).

Proportion of children with tooth staining (data NR).

Notes Participants randomised (N = 2218).

Baseline characteristics (DFS) ’balanced’.

Clinical (VT) caries assessment by two examiners, diagnostic threshold = CA. Radiographic assessment

(postBW) by two examiners; diagnostic threshold = ER. State of tooth eruption included E/U. Results

shown for each examiner and for the pooled data from both (F-ratios less than unit for examiner by

treatment interactions); combined results considered.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Forsman 1974

Methods Random allocation; double-blind (A); placebo-controlled; 18% drop out after 2 years (study duration =

2 years). Reasons for attrition described with respective total numbers: change of residence/school, ortho

treatment, did not wish to continue; no differential group losses reported (but not assessable).

Participants 559 children analysed at 2 years (available at final examination).

Age range at start: 10-11 years. Surfaces affected at start: 5.1 DMFS.

Background exposure to fluoride: mouthrinse.

Year study began: in/before 1970.

Location: Sweden.
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Forsman 1974 (Continued)

Interventions FT (3 groups) versus PL

(the NaF and one SMFP group = 250 ppm F, another SMFP group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: silica in all toothpastes.

Outcomes 2yDMFS increment - (NCA)cl.

Reported at 2 years follow up.

BLMD-DFS (clin).

MD-DFS (x-ray).

Proportion of children with new smooth surface caries.

Notes Participants randomised (N = 681); numbers by group NR.

Baseline characteristics (dental age, DMFS) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NCA. Radiographic assessment

(postBW) by one examiner; diagnostic threshold = ER. State of tooth eruption included = NR. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Forsman 1974a

Methods Random allocation; double-blind (A); placebo-controlled; 16% drop out after 2 years (study duration =

2 years). Reasons for attrition described with respective total numbers: change of residence/school, ortho

treatment, did not wish to continue; no differential group losses reported (but not assessable).

Participants 394 children analysed at 2 years (available at final examination).

Age range at start: 10-12 years.

Surfaces affected at start: 12.9 DMFS.

Background exposure to fluoride: mouthrinse.

Year study began: in/before 1970.

Location: Sweden.

Interventions FT (2 groups) versus PL

(one SMFP group = 250 ppm F, another SMFP group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca carbonate in all toothpastes.

Outcomes 2yDMFS increment - (NCA)cl.

Reported at 2 years follow up.

BLMD-DFS (clin).

MD-DFS (x-ray).

Proportion of children with new smooth surface caries.
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Forsman 1974a (Continued)

Notes Participants randomised (N = 469); numbers by group NR.

Baseline characteristics (dental age, DMFS) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NCA. Radiographic assessment

(postBW) by one examiner; diagnostic threshold = ER. State of tooth eruption included = NR. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Gish 1966

Methods Stratified random allocation; double-blind (A); placebo-controlled; 34% drop out after 3 years (study

duration = 5 years). Reasons for attrition NR; any differential group losses not assessable.

Participants 328 children analysed at 3 years (available at final examination).

Age range at start: 6-14 years (average = 9).

Surfaces affected at start: 3.9 DMFS.

Background exposure to fluoride: water.

Year study began: in/before 1963.

Location: USA.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 3yDMFS increment - cl+xr.

Reported at 1, 2, 3, 4 and 5 years follow ups.

DMFT.

Notes Participants randomised (N = 500); numbers by group NR.

Baseline characteristics (age, DMFS) ’balanced’.

Clinical (VT) caries assessment by two examiners, diagnostic threshold = NR. Radiographic assessment

(5-7 BW); diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Glass 1978

Methods Stratified random allocation; double-blind (A); placebo-controlled; 35% drop out after 3 years (study

duration = 3 years). Natural losses, increased during 3rd year because an entire grade graduated; exclusions

based on presence in all follow-up examinations; any differential group losses not assessable.

Participants 346 children analysed at 3 years (present for all examinations).

Age range at start: 6-11 years (average = 9).

Surfaces affected at start: 4.1 DFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1974.

Location: USA.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

School use/supervised, 1g applied daily (appropriate toothpastes and toothbrushes also provided for home

use).

Abrasive system: Ca carbonate.

Outcomes 3yNetDFS increment - (CA)cl+(ER)xr.

Reported at 1, 2 and 3 years follow ups.

MD-DFS.

O-BL-DFS.

DFT.

CIR.

O-BL-CIR.

MD-CIR.

Notes Participants randomised (N = 533); numbers by group NR.

Baseline characteristics (age, DFS, DFT, SAR, TAR) ’balanced’.

Clinical (VT) caries assessment (FOTI used) by one examiner; diagnostic threshold = CA; state of tooth

eruption included = E/U. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold

= ER. Reversals were small in both groups (about 6% of DFS increments)and equally common (NS

different).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear D - Not used

Glass 1983

Methods Stratified random allocation; double-blind (A); placebo-controlled; 16% drop out after 2.5 years (study

duration = 2.5 years). Natural losses; no losses due to any adverse effects; any differential group losses not

assessable.

Participants 853 children analysed at 2.5 years (available at final examination).

Age range at start: 7-11 years (average = 9).

Surfaces affected at start: 2.1 DFS.

Background exposure to fluoride: water.
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Glass 1983 (Continued)

Year study began: 1976.

Location: USA.

Interventions FT (2 groups) versus PL

(both SMFP groups = 1000 ppm F).

School use/supervised, daily (appropriate toothpastes and toothbrushes also provided for home use).

Abrasive system: IMP (main abrasive) in one SMFP and placebo toothpaste, Ca carbonate in the other

SMFP toothpaste.

Outcomes 2.5yNetDFS increment - (CA)cl+(ER)xr.

Reported at 2.5 years follow up.

DFT.

CIR.

Notes Participants randomised (N = 1017); numbers by group NR.

Baseline characteristics (age, DFS, DFT, SAR, TAR) ’balanced’ (for DFT/DFS).

Clinical (VT) caries assessment by two examiners (independently); diagnostic threshold = CA; state of

tooth eruption included = E/U. Radiographic assessment (2 postBW) by two examiners (independently)

; diagnostic threshold = ER. Results of one examiner chosen (findings consistent throughout).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Hanachowicz 1984

Methods Stratified random allocation; double-blind (A); placebo-controlled; 28% drop out after 3 years (study

duration = 3 years). Natural losses and exclusions based on compliance; no differential group losses.

Participants 945 children analysed at 3 years (available at final examination and cooperative).

Age range at start: 10-12 years.

Surfaces affected at start: 5.4 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1979.

Location: France.

Interventions FT versus PL

(SMFP group = 1500 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 3yNetDMFS increment - (E)(CA)cl+xr.

Reported at 3 years follow up.

DMFT.

DMFS (U).

O-DMFS.

MD-DMFS.
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Hanachowicz 1984 (Continued)

BL-DMFS.

premolarDMFT.

premolarDMFS.

Proportion of children with new caries.

Notes Participants randomised (N = 1318).

Baseline characteristics (DMFS) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; radiographic assessment

(2 postBW) by one examiner; diagnostic threshold NR. State of tooth eruption included = E/U. Con-

sistency of clinical and x-ray diagnosis assessed by duplicate examinations of 6% sample (inter-examiner

reproducibility ratios 0.24 for clinical and 0.13 for x-ray; intra-examiner reproducibility 0.27 for clinical

and 0.14 for x-ray).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Hargreaves 1973

Methods Quasi-random allocation; double-blind (A); placebo-controlled; 4% drop out after 3 years (study duration

= 3 years). Reasons for attrition NR; exclusions based on presence in all follow-up examinations; any

differential group losses not assessable.

Participants 303 children analysed at 3 years (present for all examinations).

Age at start: 6 years.

Surfaces affected at start: 13.9 dfs (data for deciduous dentition only).

Background exposure to fluoride: none reported.

Year study began: 1968.

Location: UK.

Interventions FT versus PL

(SMFP group = 2400 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 1-3yNetDFS increment - (E+U)(CA)cl+(ER)xr.

Reported at 3 years follow up.

DFT.

DMFS.

DMFT.

ECSI.

Notes Participants randomised (N = 316); numbers by group NR.

Baseline characteristics (age, tar, dfs, dmfs, dft, dmft, ecsi) ’balanced’ (no DFS data at start).

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; radiographic assessment (2

postBW) by two examiners; diagnostic threshold = ER. State of tooth eruption included = E/U. Diagnostic

42Fluoride toothpastes for preventing dental caries in children and adolescents (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Hargreaves 1973 (Continued)

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Hargreaves 1973a

Methods Quasi-random allocation; double-blind (A); placebo-controlled; 5% drop out after 3 years (study duration

= 3 years). Reasons for attrition NR; exclusions based on presence in all follow-up examinations; any

differential group losses not assessable.

Participants 284 children analysed at 3 years (present for all examinations).

Age at start: 9 years.

Surfaces affected at start: 6.3 DFS.

Background exposure to fluoride: none reported.

Year study began: 1968.

Location: UK.

Interventions FT versus PL

(SMFP group = 2400 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 3yNetDFS increment - (E+U)(CA)cl+(ER)xr.

Reported at 3 years follow up.

DFT.

DMFS.

DMFT.

ECSI.

Notes Participants randomised (N = 298); numbers by group NR.

Baseline characteristics (age, TAR, DFS, DMFS, DFT, DMFT, ECSI) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; radiographic assessment (2

postBW) by two examiners; diagnostic threshold = ER. State of tooth eruption included = E/U. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate
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Hargreaves 1973b

Methods Quasi-random allocation; double-blind (A); placebo-controlled; 6% drop out after 3 years (study duration

= 3 years). Reasons for attrition NR; exclusions based on presence in all follow-up examinations; any

differential group losses not assessable.

Participants 297 children analysed at 3 years (present for all examinations).

Age at start: 12 years.

Surfaces affected at start: 9.2 DFS.

Background exposure to fluoride: none reported.

Year study began: 1968.

Location: UK.

Interventions FT versus PL

(SMFP group = 2400 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 3yNetDFS increment - (E+U)(CA)cl+(ER)xr.

Reported at 3 years follow up.

DFT.

DMFS.

DMFT.

ECSI.

Notes Participants randomised (N = 317); numbers by group NR.

Baseline characteristics (age, TAR, DFS, DMFS, DFT, DMFT, ECSI) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; radiographic assessment (2

postBW) by two examiners; diagnostic threshold = ER. State of tooth eruption included = E/U. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Held 1968

Methods Stratified random allocation; double-blind (A); placebo-controlled; 65% drop out after 3 years (study

duration = 3 years). Reasons for high drop out due to age range at which many leave the institutions; no

differential group losses.

Participants 63 children analysed at 3 years (available at final examination).

Age range at start: 15-16 years.

Surfaces affected at start: 14.3 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1962.

Location: France.
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Held 1968 (Continued)

Interventions FT versus PL

(NaF-SnF2 group = 1000 ppm F).

Institution use/supervised, twice a day.

Abrasive system: not clearly specified (silica used).

Outcomes 3yDMFS increment - (E) cl.

Reported at 3 years follow up.

DMFT.

Annual CAR.

Notes Participants randomised (N = 178).

Baseline characteristics (DMFS, DMFT) not balanced.

Clinical (VT) caries assessment by one examiner; diagnostic threshold NR; state of tooth eruption included

= E. Intra-examiner reproducibility checks done.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Held 1968a

Methods Stratified random allocation; double-blind (A); placebo-controlled; 64% drop out after 3 years (study

duration = 3 years). Reasons for high drop out due to age range at which many leave the institutions; no

differential group losses.

Participants 36 children analysed at 3 years (available at final examination).

Age range at start: 15-16 years.

Surfaces affected at start: 9.6 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1961.

Location: France.

Interventions FT versus PL

(NaF-SnF2 group = 1000 ppm F).

Institution use/supervised, twice a day.

Abrasive system: not clearly specified (silica used).

Outcomes 3yDMFS increment - (E) cl.

Reported at 3 years follow up.

DMFT.

Annual CAR.

Notes Participants randomised (N = 101).

Baseline characteristics (DMFS, DMFT) not balanced.

Clinical (VT) caries assessment by one examiner; diagnostic threshold NR; state of tooth eruption included

= E. Intra-examiner reproducibility checks done.
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Held 1968a (Continued)

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Held 1968b

Methods Stratified random allocation; double-blind (A); placebo-controlled; 62% drop out after 2 years (study

duration = 3 years). Reasons for high drop out due to age range at which many leave the institutions; no

differential group losses.

Participants 32 children analysed at 2* years (available at final examination).

Average age at start: 15 years.

Surfaces affected at start: 10.2 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1961.

Location: France.

Interventions FT versus PL

(NaF group = 500 ppm F).

Institution use/supervised, twice a day.

Abrasive system: not clearly specified (silica used).

Outcomes 2y*DMFS increment - (E) cl.

Reported at 2 and 3 years follow ups.

DMFT.

Annual CAR.

Notes Participants randomised (N = 85).

Baseline characteristics (DMFS, DMFT) not balanced.

Clinical (VT) caries assessment by one examiner; diagnostic threshold NR; state of tooth eruption included

= E. Intra-examiner reproducibility checks done.

*Results for 3 years follow up not considered due to very high drop out rate.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Hodge 1980

Methods Stratified random allocation; double-blind (A); placebo-controlled; 18% drop out after 3 years (study

duration = 3 years). Reasons for attrition described with respective total numbers: 158 left school, 14

withdrawn by own choice, 8 lack of co-operation; any differential group losses not assessable.

Participants 799 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years.

Surfaces affected at start: 7.3 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1976.

Location: UK.

Interventions FT (3 groups) versus PL

(SMFP group = 1000 ppm F, both SMFP-NaF groups = 1450 ppm F).

School use/supervised, daily, for 1 min (appropriate toothpastes also provided for home use).

Abrasive system: alumina (in placebo toothpaste, SMFP and in one SMFP-NaF toothpaste), dicalcium

phosphate (in another SMFP-NaF toothpaste).

Outcomes 3yNetDFS increment - (E) (CA)cl+(DR)xr.

Reported at 3 years follow up.

DMFT.

Notes Participants randomised (N = 979); numbers by group NR.

Baseline characteristics (DMFS, DMFT, SAR) ’balanced’ (DFS baseline data NR).

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U; radiographic assessment (2 postBW) by one examiner; diagnostic threshold = DR. Re-

producibility checks done in 10% sample clinically and radiographically (icc of incremental data between

0.92 and 0.97).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Homan 1969

Methods Stratified random allocation; double-blind (A); placebo-controlled; 19% drop out after 1.7 years (study

duration = 1.7 years). Reasons for attrition not described; any differential group losses not assessable.

Participants 1874 children analysed at 1.7 years.

Age range at start: 7-13 years.

Surfaces affected at start: data not available nor obtainable.

Background exposure to fluoride: none.

Year study began: 1965.

Location: Australia.

Interventions FT (3 groups) versus PL

(SnF2 and APF toothpaste concentrations NR nor obtainable).

Home use/unsupervised, daily frequency assumed.
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Homan 1969 (Continued)

Abrasive system: Ca pyrophosphate in one SnF2 toothpaste, calcium-free abrasive in the other SnF2

toothpaste and in the APF toothpaste; abrasive in placebo toothpaste NR.

Outcomes Caries increment data NR (not obtainable).

Percentage DFS reductions by gender and age groups

reported at 1.7 years follow up.

Notes Participants randomised (N = 2317); numbers by group NR.

Baseline characteristics NR.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; state of tooth eruption

included = E; radiographic assessment; diagnostic threshold = DR. Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Horowitz 1966

Methods Quasi-random allocation; double-blind (A); placebo-controlled; 40% drop-out rate after 3 years (study

duration = 3 years). Natural losses; no differential group losses.

Participants 638 children analysed at 3 years (available at final examination).

Age range at start: 6-10 years.

Surfaces affected at start: 2.08 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1961.

Location: USA.

Interventions FT versus PL **

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 3yNetDMFS increment - (E+U) (CA)cl.

Reported at 1, 2, and 3 years follow ups.

DMFT.

Notes Participants randomised (N = 1059).

Baseline characteristics (DMFS, DMFT, TAR) ’balanced’.

Clinical (VT) caries assessment by three examiners; diagnostic threshold = CA; state of tooth eruption

included = E/U. Reversals were small in both groups (about 3% of DMFS increments)and equally common

(NS different).

** Only relevant comparison (others were not

randomised/quasi-randomized)

Risk of bias
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Horowitz 1966 (Continued)

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Howat 1978

Methods Random allocation; double-blind (A); placebo-controlled; 12% drop out after 3 years (study duration = 3

years). Reasons for attrition described with respective total numbers (56 left school, 7 withdrawn by own

choice, 2 lack of co-operation); any differential group losses not assessable.

Participants 495 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years.

Surfaces affected at start: 7.4 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1974.

Location: UK.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

School use/supervised, daily, for 1 min (appropriate toothpastes also provided for home use).

Abrasive system: silica zerogel.

Outcomes 3yNetDMFS increment - (E) (CA)cl+(DR)xr.

Reported at 3 years follow up.

antDMFS.

postDMFS.

PF-DMFS.

MD-DMFS.

MD-BL-DMFS.

DMFT.

Notes Participants randomised (N = 560); numbers by group NR.

Baseline characteristics (DMFS, DMFT, SAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U; radiographic assessment (2 postBW) by one examiner; diagnostic threshold = DR. Re-

producibility checks done in 10% sample clinically and radiographically (icc of incremental data between

0.96 and 0.99).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Jackson 1967

Methods Quasi-random allocation; double-blind (A); placebo-controlled; 12% drop-out rate after 3 years (study

duration = 3 years). Natural losses; no differential group losses.

Participants 871 children analysed at 3 years

(available at final examination).

Age range at start: 11-12 years. Surfaces affected at start: 8.7 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: UK.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: dicalcium pyrophosphate.

Outcomes 3yDMFS increment - (E+U)(CA)cl.

Reported at 3 years follow up.

DMFT.

Proportion of caries-free teeth/surfaces (by tooth type/ surface type) which developed caries.

Proportion of children who complained of tooth staining.

Notes Participants randomised (N = 986).

Baseline characteristics (age, DMFS, DMFT, TAR, level of treatment, staining) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U. Consistency of clinical diagnosis maintained by re-examination of 10% sample and

calibration checks made against reserve examiner.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

James 1967

Methods Random allocation; double-blind (A); placebo-controlled; 23% drop out rate after 3 years (study duration

= 3 years). Reasons for drop out described with respective total numbers: moved away, unco-operative,

not present on examination day, disliked toothpaste, staining of teeth, others; no differential group losses.

Participants 803 children analysed at 3 years

(available at final examination).

Age range at start: 11-12 years. Surfaces affected at start: 11 DFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1962.

Location: UK.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).
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James 1967 (Continued)

Home use/unsupervised, daily frequency assumed.

Abrasive system: dicalcium pyrophosphate.

Outcomes 3yDFS increment - (E)

(CA)cl+(ER)xr.

Reported at 3 years follow up.

DMFS.

DFT.

DMFT.

postMD-DFS.

Proportion of children with tooth staining.

Notes Participants randomised (N = 1043).

Baseline characteristics (age, DFS, DFT, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER.

Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

James 1977

Methods Stratified random allocation; double-blind (A); placebo-controlled; 19% drop out after 3 years (study

duration = 3 years). Reasons for attrition NR; exclusions based on presence in all follow-up examinations;

any differential group losses not assessable.

Participants 782 children analysed at 3 years (present for all examinations).

Age range at start: 11-12 years.

Surfaces affected at start: 11.2 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1970.

Location: UK.

Interventions FT versus PL

(SMFP group = 2400 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 3yDMFS increment - (CA)cl+(ER)xr.

Reported at 3 years follow up.

postMD-DMFS.

O-DMFS.

BL-DMFS.

O-BL-MDDMFS.
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James 1977 (Continued)

antDMFS.

Notes Participants randomised (N = 964); numbers by group NR.

Baseline characteristics (age, gender, DMFS) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; radiographic assessment

(2 postBW); state of tooth eruption included NR. Inter- and intra- examiner reliability for clinical and

radiographic diagnosis revealed by re-examination of 10% sample.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Kinkel 1972

Methods Random allocation; double-blind (A); placebo-controlled; 25% drop-out rate after 3 years (study duration

= 7 years). Reasons for drop out not described; any differential group losses not assessable.

Participants 699 children analysed at 3 years.

Average age at start: 10 years. Surfaces affected at start: 2.2 DMFS.

Background exposure to fluoride: data not available.

Year study began: in/before 1969.

Location: Switzerland.

Interventions FT versus PL

(SMFP group F concentration NR).

Home use/unsupervised, daily frequency assumed.

Abrasive system: NR.

Outcomes 3yDMFS increment - (CA)cl+(DR)xr.

Reported at 1, 2, 3, 4, 5 and 7 years follow ups.

Notes Participants randomised (N = 927); numbers by group NR.

Baseline characteristics (DMFS) ’balanced’.

Clinical (V) caries assessment; diagnostic threshold = CA and NCA; state of tooth eruption included NR.

Radiographic assessment (2 postBW); diagnostic threshold = DR and ER.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Kleber 1996

Methods Stratified random allocation; double-blind (A); placebo-controlled; 10% drop out after 1 year (study

duration = 1 year). Main reasons for attrition: changes in residence, few exclusions for initiation of ortho

treatment; no differential group losses.

Participants 156 children analysed at 1 year (available at final examination).

Age range at start: 10-11 years (average = 10.7).

Surfaces affected at start: 4.2 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1994.

Location: USA.

Interventions FT(+Alrins) versus PL(+Alrins) **

(NaF toothpaste = 1100 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: silica.

Outcomes 1yDMFS increment - (CA)cl+(ER)xr.

Reported at 0.6 and 1 year follow ups.

DMFT.

Proportion of children remaining caries-free.

Proportion of children with new DMFS.

Oral soft tissues lesions.

Notes Participants randomised (N = 174).

Baseline characteristics (age, gender DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA; state of tooth eruption

included = E/U. Radiographic assessment (postBW) by two examiners (independently); diagnostic thresh-

old = ER.

Reversals were small in both groups and equally common. Results of one examiner chosen (findings

consistent throughout).

**Rinsing with 500 ppm Al solutions performed daily at school in both relevant groups compared.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Koch 1967

Methods Stratified random allocation***; double-blind (A); placebo-controlled; 19% drop out after 3 years (study

duration = 3 years + 2 years post-intervention period). Natural losses; no differential group losses.

Participants 124 children analysed at 3 years (present for entire trial period).

Age range at start: 8-10 years (average = 9).

Surfaces affected at start: 11.3 DFS.

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: Sweden.
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Koch 1967 (Continued)

Interventions FT versus PL

(NaF group = 1000 ppm F).

School use/supervised, daily, 1g applied for 2 min (non-fluoride toothpaste provided to all for home use).

Abrasive system: methacrylate polymer (acrylic).

Outcomes 3yDFS increment - cl(CA)(E).

Reported at 1 and 3 years follow ups (and 2 years post-treatment).

DFT.

O-DFS.

MD-DFS.

BL-DFS.

Annual CAR.

Secondary caries.

Notes Participants randomised (N = 153).

Baseline characteristics (DFS, DFT, SAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; radiographic assessment (2

postBW) used as an aid but not reported; state of tooth eruption included = E.

Intra-examiner reproducibility checks for DFS in 10% sample (icc over 0.98); reversals very small in both

groups and equally common.

*** Allocation concealment considered adequate by consensus.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Koch 1967a

Methods Stratified random allocation***; double-blind (A); placebo-controlled; 18% drop out after 3 years (study

duration = 3 years + 2 years post-intervention period). Natural losses; no differential group losses.

Participants 120 children analysed at 3 years (present for entire trial period).

Age range at start: 11-12 years (average = 11).

Surfaces affected at start: 19.7 DFS.

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: Sweden.

Interventions FT versus PL

(NaF group = 1000 ppm F).

School use/supervised, daily, 1g applied for 2 min (non-fluoride toothpaste provided to all for home use).

Abrasive system: methacrylate polymer (acrylic).

Outcomes 3yDFS increment - cl(CA)(E).

Reported at 1 and 3 years follow ups (and 2 years post-treatment).

DFT.
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Koch 1967a (Continued)

O-DFS.

MD-DFS.

BL-DFS.

Annual CAR.

Secondary caries.

Notes Participants randomised (N = 146).

Baseline characteristics (DFS, DFT, SAR, TAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; radiographic assessment (2

postBW) used as an aid but not reported; state of tooth eruption included = E.

Intra-examiner reproducibility checks for DFS in 10% sample (icc over 0.98); reversals very small in both

groups and equally common.

*** Allocation concealment considered adequate by consensus.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Koch 1967b

Methods Stratified random allocation***; double-blind (A); placebo-controlled; 19% drop out after 2 years (study

duration = 2 years). Natural losses; any differential group losses not assessable.

Participants 70 children analysed at 2 years (present for entire trial period).

Age range at start: 13-14 years.

Surfaces affected at start: 30.1 DFS.

Background exposure to fluoride: none reported.

Year study began: 1963.

Location: Sweden.

Interventions FT versus PL

(NaF group = 1000 ppm F).

Home use/unsupervised, twice a day instructed frequency but daily frequency assumed, for 2 min.

Abrasive system: methacrylate polymer (acrylic).

Outcomes 2yDFS increment - cl(CA)(E).

Reported at 2 years follow up.

DFT.

O-DFS.

MD-DFS.

BL-DFS.

Annual CAR.

Secondary caries.
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Koch 1967b (Continued)

Notes Participants randomised (N = 86); numbers by group NR.

Baseline characteristics (FS, FT, SAR, TAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; radiographic assessment (2

postBW) used as an aid but not reported; state of tooth eruption included = E. Diagnostic errors NR.

*** Allocation concealment considered adequate by consensus.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Koch 1967c

Methods Stratified random allocation***; double-blind (A); placebo-controlled; 19% drop out after 3 years (study

duration = 3 years). Natural losses; no differential group losses.

Participants 255 children analysed at 3 years (present for entire trial period).

Age range at start: 7-10 years. Surfaces affected at start: 7.9 DFS.

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: Sweden.

Interventions FT versus PL

(NaF group = 1000 ppm F).

School clinic/supervised, 3 times a year, 1g applied for 2 min (no provision of any toothpaste reported for

home use).

Abrasive system: methacrylate polymer (acrylic).

Outcomes 3yDFS increment - cl(CA)(E).

Reported at 1 and 3 years follow ups.

DFT.

Annual CAR.

Secondary caries.

Notes Participants randomised (N = 316).

Baseline characteristics (FS, FT, SAR, TAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; radiographic assessment (2

postBW) used as an aid but not reported; state of tooth eruption included = E. Diagnostic errors NR.

*** Allocation concealment considered adequate by consensus.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate
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Lind 1974

Methods Stratified random allocation; double-blind (A); placebo-controlled; 17% drop-out rate after 3 years (study

duration = 3 years). Main reasons for drop out: moved away, sickness; exclusions based on presence in one

interim examination; no differential group losses.

Participants 1167 children analysed at 3 years (available at intermediate and final examination).

Age range at start: 7-12 years (average = 10).

Surfaces affected at start: 5.1 DMFS.

Background exposure to fluoride: water.

Year study began: 1970.

Location: Denmark.

Interventions FT versus PL

(SMFP group = 2400 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate.

Outcomes 3yNetDMFS increment - (E+U)(CA)cl+(DR)xr.

Reported at 1, 2, and 3 years follow ups.

DMFT.

ECSI.

Notes Participants randomised (N = 1407).

Baseline characteristics (age, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = CA/NCA; radiographic assess-

ment (2 postBW) by two examiners; diagnostic threshold = ER/DR; state of tooth eruption included =

E/U. Inter-examiner diagnostic error reported to have no effect on results; reversal rates small and similar

in both groups.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Mainwaring 1978

Methods Stratified random allocation; double-blind (A); placebo-controlled; 18% drop out (for all study groups

combined) after 3 years (study duration = 3 years). Natural losses; any differential group losses not

assessable.

Participants 1107 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years.

Surfaces affected at start: 7.9 DFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1974.

Location: UK.
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Mainwaring 1978 (Continued)

Interventions FT (2 groups) versus PL

(both SMFP groups = 1000 ppm F).

Home use/unsupervised, for 1 min, daily frequency assumed.

Abrasive system: Ca carbonate in all toothpastes.

Outcomes 3yNetDFS increment - (E)(CA)cl+(ER)xr.

Reported at 3 years follow up.

PF-DFS .

postMD-DFS.

CIR.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, SAR, DFS) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER. Intra-

examiner reproducibility checks for DFS in 10% sample (icc for VT/XR over 0.95); error variance less

than 5% of total variance; reversal rate less than 5% of observed DFS increment in all groups.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Mainwaring 1983

Methods Stratified random allocation; double-blind (A); placebo-controlled; 19% drop out (for all study groups

combined) after 4 years (study duration = 4 years). Natural losses, no losses due to any adverse effects; any

differential group losses not assessable.

Participants 682 children analysed at 4 years (available at final examination).

Age range at start: 11-12 years.

Surfaces affected at start: 6.9 DFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1978.

Location: UK.

Interventions FT (2 groups)** versus PL

(SMFP group = 1000 ppm F, SMFP-NaF group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca carbonate in all toothpastes.

Outcomes 4yNetDFS increment - (CA)cl+(ER)xr.

Reported at 4 years follow up.

O-DFS.

MD-DFS.

postMD-DFS.

MD-BL-DFS.
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Mainwaring 1983 (Continued)

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, SAR, DFS, FS) ’balanced’.

Clinical (VT) caries assessment (FOTI used) by one examiner; diagnostic threshold = CA; state of tooth

eruption included NR. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER.

Intra-examiner reproducibility checks for DFS in 10% sample (icc for VT/XR over 0.95).

**Ca glycerophosphate/SMFP toothpaste group not considered (additional non-F active agent in this

group only).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Marthaler 1965

Methods Random allocation; double-blind (A);

placebo-controlled; 43% drop out (for all study groups combined) after 3 years (study duration = 7

years). Exclusions based on variation in toothpaste provision and presence in follow-up examinations; any

differential group losses not assessable.

Participants 269 children analysed at 3 years (present for all examinations).

Age range at start: 6-9 years (average = 8).

Surfaces affected at start: 3.3 DMFS.

Background exposure to fluoride: salt (suboptimal).

Year study began: 1958.

Location: Switzerland.

Interventions FT versus PL

(AmF group = 1250 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP.

Outcomes 3yNetDFS increment - (CA)cl+(DR)xr.

Reported at 1.5, 3, 5 and 7 years follow ups.

postMD-DFS.

antMD-DFS.

BL-DFS.

O-DFS.

DMFT.

FT.

FS.

MT.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, DMFS, DMFT) ’balanced’ (DFS baseline data NR).

Clinical (V) caries assessment by one examiner; diagnostic threshold = CA and NCA; state of tooth

eruption included NR. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = DR
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Marthaler 1965 (Continued)

and ER; partial recording. Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Marthaler 1965a

Methods Random allocation; double-blind (A);

placebo-controlled; 66% drop out (for all study groups combined) after 3 years (study duration = 3

years). Main reason for high drop out: children leaving public school on completion of last compulsory

year; exclusions based on variation in toothpaste provision and presence in follow-up examinations; any

differential group losses not assessable.

Participants 74 children analysed at 3 years (present for all examinations).

Age range at start: 11-14 years (average = 13).

Surfaces affected at start: 18.9 DMFS.

Background exposure to fluoride: salt (suboptimal).

Year study began: 1958.

Location: Switzerland.

Interventions FT versus PL

(AmF group = 1250 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP.

Outcomes 3yNetDFS increment - (CA)cl+(DR)xr.

Reported at 3 years follow up.

postMD-DFS.

antMD-DFS.

BL-DFS.

O-DFS.

DMFT.

FT.

FS.

MT.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, DMFS, DMFT) ’balanced’ (DFS baseline data NR).

Clinical (V) caries assessment by one examiner; diagnostic threshold = CA and NCA; state of tooth

eruption included NR. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = DR

and ER; partial recording. Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description
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Marthaler 1965a (Continued)

Allocation concealment? Yes A - Adequate

Marthaler 1970

Methods Random allocation; indication of blind caries assessment (C); placebo-controlled; 18% drop out (for all

study groups combined) after 3 years (study duration = 3 years). Exclusions based on use of orthodontic

bands and presence in all follow-up examinations; any differential group losses not assessable.

Participants 100 children analysed at 3 years (present for all examinations).

Age range at start: 6-7 years (average = 7).

Surfaces affected at start: 1 DMFS.

Background exposure to fluoride: salt (suboptimal).

Year study began: 1966.

Location: Switzerland.

Interventions FT versus PL

(AmF group = 1250 ppm F).

Home use/unsupervised, twice/three times a day/680 times a year estimated.

Abrasive system: IMP.

Outcomes 3yNetDFS increment - (CA)cl+(DR)xr.

Reported at 1 and 3 years follow ups.

1stmPF-DFS.

1stmMD-DFS.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, DMFS, 1stmDMFS) ’balanced’ (DFS baseline data NR).

Clinical (V) caries assessment by two examiners; diagnostic threshold = CA and NCA; state of tooth

eruption included NR. Radiographic assessment (2 postBW) by two examiners; diagnostic threshold =

DR and ER; partial recording. “Sufficient agreement of the two examiners known from earlier work”.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Marthaler 1970a

Methods Random allocation; indication of blind caries assessment (C); placebo-controlled; 30% drop out (for all

study groups combined) after 4 years (study duration = 4 years). Exclusions based on: use of orthodontic

bands, and presence in all follow-up examinations; any differential group losses not assessable.

Participants 43 children analysed at 4* years (present for all examinations).

Age range at start: 7-9 years (average = 8).

Surfaces affected at start: 2.3 DMFS.

Background exposure to fluoride: salt (suboptimal).
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Marthaler 1970a (Continued)

Year study began: 1966.

Location: Switzerland.

Interventions FT versus PL

(AmF group = 1250 ppm F).

Home use/unsupervised, twice/three times a day/800 times a year estimated.

Abrasive system: IMP.

Outcomes 2y*NetDFS increment - (CA)cl+(DR)xr.

Reported at 2 and 4 years follow ups.

1stmPF-DFS.

1stmMD-DFS.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, DMFS, 1stmDMFS) ’balanced’ (DFS baseline data NR).

Clinical (V) caries assessment by two examiners; diagnostic threshold = CA and NCA; state of tooth

eruption included NR. Radiographic assessment (2 postBW) by two examiners; diagnostic threshold =

DR and ER; partial recording. “Sufficient agreement of examiners known from earlier work”.

*F solution used by all children after 2 years (final 4 years results not considered).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Marthaler 1974

Methods Random allocation; double-blind (A); placebo-controlled; 32% drop out after 6 years (study duration =

6 years). Exclusions based on presence in all follow-up examinations; no differential group losses.

Participants 109 children analysed at 6* years (present for all examinations).

Age range at start: 6-9 years (average = 7.5).

Surfaces affected at start: 2.6 DMFS.

Background exposure to fluoride: in solution/salt (suboptimal).

Year study began: 1966.

Location: Switzerland.

Interventions FT versus PL

(AmF group = 1250 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP.

Outcomes 6y*NetDFS increment - (E) (CA)cl+(DR)xr.

Reported at 2 and 6 years follow ups.

PF-DFS.

postMD-DFS.

antMD-B-DFS.

DFT.
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Marthaler 1974 (Continued)

Proportion of children with new DFS.

Notes Participants randomised (N = 161).

Baseline characteristics (DMFS, DMFT, FS, FT, TAR) ’balanced’ (DFS baseline data NR).

Clinical (V) caries assessment by two examiners; diagnostic threshold = CA and NCA; state of tooth

eruption included = E. Radiographic assessment (2 postBW) by two examiners; diagnostic threshold =

DR and ER; partial recording. “Sufficient agreement of examiners known from earlier work”.

*Results at 6 years follow up chosen (reported for all outcomes).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Mergele 1968

Methods Stratified random allocation; double-blind (’A’); placebo-controlled; 22% drop out (for all study groups

combined) after 3 years (study duration = 3 years). Reasons for attrition: natural losses to follow up; any

differential group losses not assessable.

Participants 387 children analysed at 3 years (available at final examination).

Age range at start: 10-13 years (average = 11).

Surfaces affected at start: 6.5 DMFS.

Background exposure to fluoride: water.

Year study began: in/before 1964.

Location: USA.

Interventions FT** versus ’PL’

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in fluoride toothpaste, IMP in control toothpaste.

Outcomes 3yNetDMFS increment - cl.

Reported at 3 years follow up.

DMFT.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, SAR, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. State of tooth eruption

included = NR. Diagnostic errors NR.

**Na N-lauroyl sarcosinate/SMFP toothpaste groups not considered (additional non-F active agent used

in this group only).

Risk of bias

Item Authors’ judgement Description
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Mergele 1968 (Continued)

Allocation concealment? Unclear B - Unclear

Muhler 1955

Methods Stratified random allocation; double-blind (A); placebo-controlled; 22% drop out after 1 year (study

duration = 1 year). Reasons for attrition NR; differential group losses.

Participants 444 children analysed at 1 year (available at final examination).

Age range at start: 6-16 years. Surfaces affected at start: 9.3 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: in/before 1954.

Location: USA.

Interventions FT** versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: heat-treated Ca orthophosphate.

Outcomes 1yDMFS increment - cl+xr.

Reported at 6 m and 1 year follow ups.

DMFT.

Notes Participants randomised (N = 568).

Baseline characteristics (DMFS) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment

by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Criteria for caries

diagnosis reported to have been carefully standardised, diagnostic errors NR.

**NaF-heat treated Ca orthophosphate toothpaste group not considered (abrasive system known to be

incompatible with NaF).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Muhler 1970

Methods Stratified random allocation; double-blind (A); placebo-controlled; 15% drop out after 1 year (study

duration = 1 year). Reasons for attrition NR; differential group losses.

Participants 436 children analysed at 1 year (available at final examination).

Age range at start: 5-16 years (average = 10).

Surfaces affected at start: 10.3 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: in/before 1967.

Location: USA.
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Muhler 1970 (Continued)

Interventions FT** versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 1yDMFS increment - cl+xr.

Reported at 6 m and 1 year follow ups.

DMFT.

Notes Participants randomised (N = 510).

Baseline characteristics (age, gender, DMFS) with some imbalance.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment (5-

7 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR.

**Na N-lauroyl sarcosinate/SMFP toothpaste group not considered (additional non-F active agent used

in this group only).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Murray 1980

Methods Stratified random allocation; double-blind (A); placebo-controlled; 23% drop out after 3 years (study

duration = 3 years). Natural losses; exclusions based on presence in all follow-up examinations; no differ-

ential group losses.

Participants 1106 children analysed at 3 years (present for all examinations).

Age range at start: 11-13 years (average = 11.9). Surfaces affected at start: 9.9 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: 1974.

Location: UK.

Interventions FT (2 groups) versus PL

(both SMFP groups = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Al oxide trihydrate (low and normal abrasivity).

Outcomes 3yNetDMFS increment - cl+ xr.

Reported at 3 years follow up.

DMFS (U).

Notes Participants randomised (N = 1431).

Baseline characteristics (age, DMFS, TAR) ’balanced’.

Clinical (VT) caries assessment by two examiners; diagnostic threshold = NR; radiographic assessment (2

postBW) by two examiners; diagnostic threshold = NR; state of tooth eruption included = E/U.
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Murray 1980 (Continued)

Reproducibility ratios were less than 0.23 for intra-examiner reproducibility for clinical caries diagnosis

and less than 0.16 for radiographic caries diagnosis; inter-examiner reproducibility ratios was 0.26 and

0.1 respectively.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Naylor 1967

Methods Stratified random allocation; double-blind (A); placebo-controlled; 17% drop out (for all study groups

combined) after 3 years (study duration = 3 years). Natural losses; any differential group losses not

assessable.

Participants 973 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years.

Surfaces affected at start: 9.5 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1961.

Location: UK.

Interventions FT** versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP (main abrasive) in fluoride toothpaste, dicalcium phosphate (dihydrate)in placebo

toothpaste.

Outcomes 3ycrudeDFS increment - (E+U) (CA)cl+(ER)xr.

Reported at 3 years follow up.

DMFT.

DMFS.

postMD-DFS.

1stmoMD-DFS.

Proportion of children with tooth staining.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, gender, SAR, DMFS, DMFT, postMD-DFS)’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER.

Reversal rate less than 4% of observed DFS increment in all groups. High accuracy of diagnosis revealed

by 10% sample checks (clinically and radiographically).

**Na N-lauroyl sarcosinate/SMFP toothpaste group not considered (additional non-F active agent used

in this group only).

Risk of bias
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Naylor 1967 (Continued)

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Naylor 1979

Methods Stratified random allocation; double-blind (A); placebo-controlled; 20% drop out (for all study groups

combined) after 3 years (study duration = 3 years). Natural losses; any differential group losses not

assessable.

Participants 625 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years. Surfaces affected at start: 7.9 DFS.

Background exposure to fluoride: none reported.

Year study began: 1973.

Location: UK.

Interventions FT** versus PL

(SMFP group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca carbonate.

Outcomes 3yDFS increment - (E) (CA)cl+(ER)xr.

Reported at 3 years follow up.

DFT.

DFT (U).

O-BL-DFS.

MD-DFS.

CIR.

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (age, SAR, TAR, DFS, DFT) ’balanced’.

Clinical (VT) caries assessment (FOTI used) by two examiners (independently); diagnostic threshold =

CA; state of tooth eruption included = E/U. Radiographic assessment (2 postBW) by two examiners (

independently); diagnostic threshold = ER. Results of one examiner chosen (findings consistent through-

out).

**Ca glycerophosphate/SMFP toothpaste group not considered (additional non-F active agent used in

this group only).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Peterson 1967

Methods Stratified random allocation; double-blind (’A’); placebo-controlled; 16% drop out after 2 years (study

duration = 3 years). Reasons for attrition not described; any differential group losses not assessable.

Participants 954 children analysed at 2 years (available at this examination).

Age range at start: 9-15 years.

Surfaces affected at start: 14.3 DMFS.

Background exposure to fluoride: data not available for fluoridation status of site.

Year study began: in/before 1964.

Location: USA.

Interventions FT (2 groups) versus ’PL’

(SnF2 group = 1000 ppm F, APF group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in SnF2 toothpaste, IMP in APF toothpaste, control toothpaste

abrasive NR.

Outcomes 2y*DMFS increment - cl+xr.

Reported at 1, 2 and 3 years follow ups.

DMFT.

O-DMFS.

BL-DMFS.

MD-DMFS.

Notes Participants randomised (N = 1136); numbers by group NR.

Baseline characteristics (DMFS, DMFT, dental age) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold NR; state of tooth eruption included

NR; radiographic assessment (3 BW) by one examiner; diagnostic threshold NR. Diagnostic errors NR.

*Results for 3 years follow up not considered (not fully reported).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Peterson 1979

Methods Stratified random allocation; double-blind (A); placebo-controlled; 25% drop out after 2.5 years (study

duration = 2.5 years). Natural losses; exclusions based on presence in all follow-up examinations; any

differential group losses not assessable.

Participants 712 children analysed at 2.5 years (present for all examinations).

Age range at start: 8-12 years (average = 10).

Surfaces affected at start: 2.9 DFS.

Background exposure to fluoride: water.

Year study began: 1971.

Location: USA.
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Peterson 1979 (Continued)

Interventions FT (2 groups) versus PL

(both SMFP groups = 1000 ppm F).

School use/supervised, daily, (appropriate toothpastes also provided for home use).

Abrasive system: Ca carbonate in one toothpaste and in placebo toothpaste, IMP in the other SMFP

toothpaste.

Outcomes 2.5yDFS increment - cl+xr.

Reported at 2.5 years follow up.

DMFT.

MD-DFS.

Notes Participants randomised (N = 950); numbers by group NR.

Baseline characteristics (DFS, MD-DFS, DFT) ’balanced’.

Clinical (VT) caries assessment (FOTI used) by one examiner; diagnostic threshold = CA; state of tooth

eruption included NR; radiographic assessment (postBW) by one examiner; diagnostic threshold = ER.

Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Powell 1981

Methods Stratified random allocation; double-blind (A); placebo-controlled; drop-out rate NR nor obtainable

(study duration = 4 years). Reasons for attrition NR; any differential group losses not assessable.

Participants 125 children analysed at 4 years (subjects who developed caries).

Age range at start: 12-14 years.

Surfaces affected at start: 21.4 DMFS (from sample above).

Background exposure to fluoride: none reported.

Year study began: 1963.

Location: Australia.

Interventions FT (pp/Plsol) versus PL(pp/Plsol)** (SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes Caries increment data NR (not obtainable).

Progression rate of initial carious lesions in MD surfaces of permanent posterior teeth at annual intervals

(for 4 years).

Notes Participants randomised (numbers NR).

Baseline characteristics (age, gender, DMFS) ’balanced’.

Radiographic (post BW) enamel caries progression assessment by one examiner; state of tooth eruption

included = E.

High reproducibility of radiographic diagnosis
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Powell 1981 (Continued)

(icc = 0.91).

**Prior prophylaxis with lava pumice followed by professional application of placebo solution performed

every six months for 2 years in both relevant groups compared.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Ran 1991

Methods Random allocation; double-blind (A); placebo-controlled; 20% drop out (for all study groups combined)

after 1.5 years (study duration = 1.5 years + 0.5 year post-intervention period). Reasons for attrition/

handling of exclusions NR; any differential group losses not assessable.

Participants 55 children analysed at 1.5 years; all male.

Average age at start: 13 years.

Surfaces affected at start: 6.4 DMFS.

Background exposure to other fluoride: data not obtained for home use of toothpaste.

Year study began: in/before 1989.

Location: Israel.

Interventions FT versus PL

(AmF group = 1250 ppm F).

School use/supervised, fortnightly/20 times a year,

1g applied for 4 minutes, no post-brushing rinse done (no provision of any toothpaste reported for home

use).

Abrasive system: NR.

Outcomes 1.5yNetDMFS increment - (CA).

Reported at 0.5 and 1.5 years follow ups (and 0.5 year post-treatment).

Notes Participants randomised (numbers for relevant groups NR).

Baseline characteristics (DMFS) with some imbalance (reported as NS difference). Clinical (VT) caries

assessment by one examiner; diagnostic threshold = CA; state of tooth eruption included NR. Intra-

examiner reproducibility checks for DMFS (icc reaching 0.97).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Reed 1973

Methods Stratified random allocation; double-blind (A); placebo-controlled; 28% drop out after 2 years (study

duration = 2 years). Reasons for attrition not described; no differential group losses.

Participants 1525 children analysed at 2 years (available at final examination).

Age range at start: 6-13 years (average = 9).

Surfaces affected at start: 3.3 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1970.

Location: USA.

Interventions FT (3 groups) versus PL

(NaF groups = 1000 ppm F, 500 ppm F, 250 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 2yDMFS increment - cl+xr.

Reported at 1 and 2 years follow ups.

DMFT.

Notes Participants randomised (N = 2104).

Baseline characteristics (age, gender, DMFS, DMFT) ’balanced’ .

Clinical (VT) caries assessment by one examiner; diagnostic threshold NR; state of tooth eruption included

NR. Radiographic assessment (up to 7 BW) by one examiner; diagnostic threshold NR. Diagnostic errors

NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Reed 1975

Methods Stratified random allocation; double-blind (A); placebo-controlled; 39% drop out after 2 years (study

duration = 2 years). Reasons for high drop out not described; no differential group losses.

Participants 344 children analysed at 2 years (available at final examination).

Age range at start: 8-13 years (average = 10).

Surfaces affected at start: 5 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1968.

Location: USA.

Interventions FT versus PL

(NaF group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.
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Reed 1975 (Continued)

Outcomes 2yDMFS increment - cl+xr.

Reported at 1 and 2 years follow ups.

DMFT.

Notes Participants randomised (N = 567).

Baseline characteristics (age, gender, DMFS, DMFT) with some imbalance.

Clinical (VT) caries assessment by one examiner; diagnostic threshold NR; state of tooth eruption included

NR. Radiographic assessment (up to 7 BW) by one examiner; diagnostic threshold NR. Diagnostic errors

NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Ringelberg 1979

Methods Stratified random allocation; double-blind (A); placebo-controlled; 37% drop out after 2.5 years (study

duration = 2.5 years). Reasons for attrition not described; no differential group losses.

Participants 556 children analysed at 2.5 years (available at final examination).

Average age at start: 11 years.

Surfaces affected at start: 4.2 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1973.

Location: USA.

Interventions FT (2 groups) versus PL(2 groups) (AmF group = 1250 ppm F, SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in SnF2 toothpaste and its placebo, NR for AmF and its placebo.

Outcomes 2.5yNetDMFS increment - (CA)cl + (DR)xr.

Reported at 2.5 years follow up.

DMFT.

Stain score.

Notes Participants randomised (N = 888).

Baseline characteristics (DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by two examiners, diagnostic threshold = CA. Radiographic assessment

(5 BW) by two examiners; diagnostic threshold = DR. State of tooth eruption included NR. Reversal rate

between 4 and 9% of observed caries increment in the groups.

Risk of bias

Item Authors’ judgement Description
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Ringelberg 1979 (Continued)

Allocation concealment? Unclear B - Unclear

Rule 1984

Methods Stratified random allocation; double-blind (A); placebo-controlled; 24% drop out after 2 years (study

duration = 2 years). Reasons for attrition not described; exclusions based on presence in all follow-up

examinations; no differential group losses.

Participants 876 children analysed at 2 years (present for all examinations).

Age range at start: 9-12 years (average = 11).

Surfaces affected at start: 8.6 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1977.

Location: USA.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

School use/supervised, daily, for 1 min (appropriate toothpastes also provided for home use).

Abrasive system: silica zerogel.

Outcomes 2yDFS increment - (E+U) (CA)cl+(ER)xr.

Reported at 1 and 2 years follow ups.

DFT.

DMFS.

DMFT.

O-DFS.

MD-DFS.

Oral soft tissue lesions.

Notes Participants randomised (N = 1154).

Baseline characteristics (age, gender, TAR, DMFS, DMFT, DS, DT) ’balanced’ (DFS baseline data NR).

Clinical (VT) caries assessment (FOTI used) by one examiner; diagnostic threshold = CA; state of tooth

eruption included = E/U. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold =

ER. Reproducibility checks done in 10% sample clinically and radiographically.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Segal 1967

Methods Stratified random allocation; double-blind (A); placebo-controlled; 23% drop out after 2 years (study

duration = 2 years). Reasons for attrition NR; differential group losses.
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Segal 1967 (Continued)

Participants 648 children analysed at 2 years (available at final examination).

Age range at start: 7-12 years. Surfaces affected at start: NR.

Background exposure to fluoride: none reported.

Year study began: in/before 1964.

Location: USA.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

School use/supervised, daily, (appropriate toothpastes also provided for home use).

Abrasive system: IMP (mainly).

Outcomes 2yDFS increment - (CA)cl+xr.

Reported at 1 and 2 years follow ups.

DFS (U).

Notes Participants randomised (N = 845).

Baseline characteristics (SAR) ’balanced’.

Clinical (VT) caries assessment by two examiners, diagnostic threshold = CA. Radiographic assessment as

a supplementary aid; diagnostic threshold = NR. State of tooth eruption included E/U. Inter- and intra-

examiner reproducibility checks done.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Slack 1964

Methods Random allocation; double-blind (A); placebo-controlled; 32% drop-out rate after 2 years (study duration

= 2 years). Natural losses and other reasons; exclusions based on presence in all follow-up examinations;

no differential group losses.

Participants 719 children analysed at 2 years

(present for all examinations).

Age range at start: 11-13 years. Surfaces affected at start: NR.

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: UK.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, 3 times/day instructed but daily frequency assumed.

Abrasive system: IMP in fluoride toothpaste, dicalcium phosphate (dihydrate)in placebo toothpaste.

Outcomes Caries increment data NR (not obtainable).

Proportion of carious teeth/surfaces (by tooth type)

reported at 1 and 2 years follow ups.
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Slack 1964 (Continued)

Proportion of caries-free teeth/surfaces (by tooth type) which developed caries after each year.

Proportion of children with tooth staining.

Notes Participants randomised (N =1059).

Baseline characteristics ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included NR. Diagnostic errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Slack 1967

Methods Random allocation; double-blind (A); placebo-controlled; 21% drop-out rate after 3 years (study duration

= 3 years). Reasons for drop out described with numbers: left school, moved away, staining of teeth, on

parents request; exclusions based on presence in all follow-up examinations; no differential group losses.

Participants 696 children analysed at 3 years, all female

(present for all examinations).

Average age at start: 11 years. Surfaces affected at start: 8.9 DFS. Background exposure to fluoride: none

reported.

Year study began: 1963.

Location: UK.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP (dicalcium phosphate (dihydrate)in placebo toothpaste also).

Outcomes 3yNetDFS increment - (E)(CA)cl.

Reported at 3 years follow up.

DFT.

DMFS.

DMFT.

postMD-DFS.

Proportion of children with tooth staining.

Notes Participants randomised (N = 886).

Baseline characteristics (age, dental age, DFS, DFT, DMFS, DMFT, TAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER.

Consistency of clinical diagnosis maintained by re-examination of 10% sample and calibration checks

made against reserve examiner.

Risk of bias
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Slack 1967 (Continued)

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Slack 1967a

Methods Random allocation; double-blind (A); placebo-controlled; 21% drop-out rate after 3 years (study duration

= 3 years). Reasons for drop out described with numbers: left school, moved away, staining of teeth, on

parents request; exclusions based on presence in all follow-up examinations; no differential group losses.

Participants 757 children analysed at 3 years, all female

(present for all examinations).

Age range at start: 11-12 years. Surfaces affected at start: 7 DFS.

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: UK.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: dicalcium pyrophosphate.

Outcomes 3yDFS increment - (E) (CA)cl.

Reported at 3 years follow up.

DFT.

DMFS.

DMFT.

postMD-DFS.

Proportion of children with tooth staining.

Notes Participants randomised (N = 961).

Baseline characteristics (age, dental age, DFS, DFT, DMFS, DMFT, TAR) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = E/U. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER.

Consistency of clinical diagnosis maintained by re-examination of 10% sample and calibration checks

made against reserve examiner.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear
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Slack 1971

Methods Random allocation; double-blind (’A’); placebo-controlled; 33% drop-out rate after 3 years (study duration

= 3 years). Main reasons for drop out: moved away, left school, away on examination day, disliked toothpaste

taste, brown staining of teeth; no differential group losses.

Participants 1110 children analysed at 3 years (available at final examination).

Age range at start: 11-12 years. Surfaces affected at start: 11.6 DMFS.

Background exposure to fluoride: none reported.

Year study began: 1965.

Location: UK.

Interventions FT (3 groups) versus ’PL’

(Both SnF2 groups = 1000 ppm F, APF group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: IMP in one SnF2 toothpaste and in APF toothpaste, dicalcium pyrophosphate in another

SnF2 toothpaste; control toothpaste abrasive NR.

Outcomes 3yCrudeDMFS increment - (CA)cl+(ER)xr.

Reported at 3 years follow up.

Notes Participants randomised (N = 1665).

Baseline characteristics (age, gender, DMFS, previous F toothpaste use) ’balanced’.

Clinical (VT) caries assessment by one examiner; diagnostic threshold = CA; state of tooth eruption

included = NR. Radiographic assessment (2 postBW) by one examiner; diagnostic threshold = ER. Con-

sistency of clinical diagnosis revealed by 10% sample checks at each examination.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Thomas 1966

Methods Stratified random allocation; double-blind (A); placebo-controlled; 32% drop out after 2 years (study

duration = 2 years). Reasons for attrition NR; no differential group losses.

Participants 464 children analysed at 2 years (present for the entire study period).

Average age at start: 7-16 years (average = 12).

Surfaces affected at start: 10.7 DFS. Background exposure to fluoride: none reported.

Year study began: 1961.

Location: USA.

Interventions FT (2 groups) versus PL

(Both SnF2 groups = 1000 ppm F).

Institution use/supervised, twice a day.

Abrasive system: IMP in one SnF2 and placebo toothpaste, Ca pyrophosphate in another SnF2 toothpaste.
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Thomas 1966 (Continued)

Outcomes 2yDFS increment - cl+xr.

Reported at 6m, 1, 1.5 and 2 years follow ups.

DFT.

Notes Participants randomised (N = 679).

Baseline characteristics (DFS, DFT, TAR) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment

(10 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Check of

diagnostic errors done.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Torell 1965

Methods Random allocation; double-blind (A); placebo-controlled; 13% drop-out rate after 2 years (study duration

= 2 years). Natural losses mainly; no differential group losses.

Participants 668 children analysed at 2 years (available at final examination).

Average age at start: 10 years. Surfaces affected at start: 14.5 DMFS (from sample randomised).

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: Sweden.

Interventions FT (2 groups) versus PL(2 groups) (SnF2 group = 1000 ppm F, NaF group = 1100 ppm F).

Home use/unsupervised, twice a day instructed but daily frequency assumed, post-brushing water rinse

instructed.

Abrasive system: Ca pyrophosphate in SnF2 toothpaste and its placebo, Na bicarbonate in NaF toothpaste

and its placebo.

Outcomes 2yDMFS increment - (CA)cl.

Reported at 1 and 2 years follow ups.

MD-DMFS.

FS.

Proportion of children with new carious lesions (U)xr.

Notes Participants randomised (N = 766).

Baseline characteristics (DMFS, MD-DMFS) ’balanced’.

Clinical (VT) caries assessment by two examiners, diagnostic threshold = CA; radiographic assessment

(BW) by two examiners; diagnostic threshold = DR. State of tooth eruption included NR. Inter- and

intra-examiner reproducibility checks done for clinical caries in 4 and 2% sample respectively; duplicate

examination of x-rays records done and any discrepancies discussed before final diagnosis.

Risk of bias
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Torell 1965 (Continued)

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Torell 1965a

Methods Random allocation; double-blind (A); placebo-controlled; 20% drop-out rate after 2 years (study duration

= 2 years). Natural losses mainly; differential group losses.

Participants 285 children analysed at 2 years (available at final examination).

Average age at start: 10 years. Surfaces affected at start: 11.7 DMFS (from sample randomised).

Background exposure to fluoride: none reported.

Year study began: 1962.

Location: Sweden.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

Home use/unsupervised, twice a day instructed but daily frequency assumed, post-brushing water rinse

instructed.

Abrasive system: Ca carbonate.

Outcomes 2yDMFS increment - (CA)cl.

Reported at 2 years follow up.

MD-DMFS.

FS.

Notes Participants randomised (N = 357).

Baseline characteristics (DMFS, MD-DMFS) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = CA; radiographic assessment

(BW) by two examiners; diagnostic threshold = DR. State of tooth eruption included NR. Intra-examiner

reproducibility check done for clinical caries in a sample; duplicate examination of x-rays records done

and any discrepancies discussed before final diagnosis.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Torell 1965b

Methods Random allocation; double-blind (A); placebo-controlled; 15% drop-out rate after 2 years (study duration

= 2 years). Natural losses mainly; differential group losses.

Participants 368 children analysed at 2 years (available at final examination).

Average age at start: 11 years. Surfaces affected at start: 15 DMFS (from sample randomised).

Background exposure to fluoride: none reported.
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Torell 1965b (Continued)

Year study began: 1962.

Location: Sweden.

Interventions FT versus PL

(SMFP group = 1000 ppm F).

Home use/unsupervised, twice a day instructed but daily frequency assumed, post-brushing water rinse

instructed.

Abrasive system: Ca carbonate.

Outcomes 2yDMFS increment - (CA)cl.

Reported at 2 years follow up.

MD-DMFS.

FS.

Notes Participants randomised (N = 432).

Baseline characteristics (DMFS, MD-DMFS) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = CA; radiographic assessment

(BW) by two examiners; diagnostic threshold = DR. State of tooth eruption included NR. Intra-examiner

reproducibility check done for clinical caries in a sample; duplicate examination of x-rays records done

and any discrepancies discussed before final diagnosis.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Weisenstein 1972

Methods Stratified random allocation; double-blind (A); placebo-controlled; 42% drop out after 1.8 years (study

duration = 1.8 years). Reasons for high drop out described: change of residence, absent on examination

day; no differential group losses.

Participants 402 children analysed at 1.8 years (available at final examination).

Age range at start: 5-15 years (average = 9.5).

Surfaces affected at start: 6.8 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1969.

Location: USA.

Interventions FT versus PL

(NaF group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 1.8yDMFS increment - cl+xr.

Reported at 9 m, 1.4 and 1.8 years follow ups.

DMFT.
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Weisenstein 1972 (Continued)

Notes Participants randomised (N = 694).

Baseline characteristics (age, gender, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by two examiners, diagnostic threshold = NR. Radiographic assessment

(7 BW) by two examiners; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR. Results of one examiner chosen.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Zacherl 1970

Methods Stratified random allocation; double-blind (A); placebo-controlled; 43% drop out after 2.5 years (study

duration = 2.5 years). Reasons for high drop out NR; no differential group losses.

Participants 512 children analysed at 2.5 years (available at final examination).

Age range at start: 6-9 years. Surfaces affected at start: 4.6 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1963.

Location: USA.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 2.5yDMFS increment - cl+xr.

Reported at 10 m, 1.5 and 2.5 years follow ups.

DMFT.

Notes Participants randomised (N = 902).

Baseline characteristics (dental age, gender, DMFS, DMFT, oral hygiene) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment (5-

10 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

81Fluoride toothpastes for preventing dental caries in children and adolescents (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Zacherl 1970a

Methods Stratified random allocation; double-blind (A); placebo-controlled; 35% drop out after 2.5 years (study

duration = 2.5 years). Reasons for attrition NR; no differential group losses.

Participants 528 children analysed at 2.5 years (available at final examination).

Age range at start: 13-14 years. Surfaces affected at start: 23.5 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1963.

Location: USA.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate.

Outcomes 2.5yDMFS increment - cl+xr.

Reported at 10 m, 1.5 and 2.5 years follow ups.

DMFT.

Notes Participants randomised (N = 811).

Baseline characteristics (dental age, gender, DMFS, DMFT, oral hygiene) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment (5-

10 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Zacherl 1972

Methods Stratified random allocation; double-blind (A); placebo-controlled; 34% drop out after 2 years (study

duration = 2 years).

Reasons for attrition NR; no differential group losses.

Participants 447 children analysed at 2 years (available at final examination).

Age range at start: 6-15 years (average = 10).

Surfaces affected at start: 11.7 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1969.

Location: Canada.

Interventions FT versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in SnF2 toothpaste, placebo toothpaste abrasive NR.
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Zacherl 1972 (Continued)

Outcomes 2yDMFS increment - cl+xr.

Reported at 1 and 2 years follow ups.

DMFT.

Notes Participants randomised (N = 677).

Baseline characteristics (age, gender, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment (5-

10 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Zacherl 1972a

Methods Stratified random allocation; double-blind (A); placebo-controlled; 36% drop out after 1.7 years (study

duration = 1.7 years). Reasons for high drop out NR; exclusions based on presence in both examinations;

no differential group losses.

Participants 894 children analysed at 1.7 years (present for both follow up examinations).

Age range at start: 7-14 years (average = 9).

Surfaces affected at start: 7.3 DMFS.

Background exposure to fluoride: water.

Year study began: in/before 1969.

Location: Canada.

Interventions FT (4 groups) versus PL

(SnF2 group, NaF group, SMFP group, APF group = 1000 ppm F each).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in all toothpastes.

Outcomes 1.7yDMFS increment - cl+xr.

Reported at 1 and 1.7 years follow ups.

DMFT.

Notes Participants randomised (N = 1405).

Baseline characteristics (age, gender, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment (5-

10 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR.

Risk of bias

Item Authors’ judgement Description
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Zacherl 1972a (Continued)

Allocation concealment? Unclear B - Unclear

Zacherl 1973

Methods Stratified random allocation; double-blind (A); placebo-controlled; 34% drop out after 2 years (study

duration = 2 years). Reasons for attrition NR; no differential group losses.

Participants 444 children analysed at 2 years (available at final examination).

Age range at start: 5-12 years (average = 9).

Surfaces affected at start: 8.5 DMFS.

Background exposure to fluoride: none reported.

Year study began: in/before 1970.

Location: USA.

Interventions FT** versus PL

(SnF2 group = 1000 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in SnF2 toothpaste, placebo toothpaste abrasive NR.

Outcomes 2yDMFS increment - cl+xr.

Reported at 1 and 2 years follow ups.

DMFT.

Notes Participants randomised (N = 677).

Baseline characteristics (age, DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment by one examiner, diagnostic threshold = NR. Radiographic assessment (5-

10 BW) by one examiner; diagnostic threshold = NR. State of tooth eruption included = NR. Diagnostic

errors NR.

**Na N-lauroyl sarcosinate/SMFP toothpaste group not considered (additional non-F active agent used

in this group only).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Zacherl 1981

Methods Stratified random allocation; double-blind (A); placebo-controlled; 43% drop out after 3 years (study

duration = 3 years). Reasons for attrition described: change of residence, absent on examination day, poor

quality of x-rays; no differential group losses.

Participants 1754 children analysed at 3 years (available at final examination).

Age range at start: 6-13 years (average = 9).

Surfaces affected at start: 5.8 DMFS.

Background exposure to fluoride: none reported.
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Zacherl 1981 (Continued)

Year study began: in/before 1977.

Location: USA.

Interventions FT (2 groups) versus PL

(SnF2 group = 1000 ppm F, NaF group = 1100 ppm F).

Home use/unsupervised, daily frequency assumed.

Abrasive system: Ca pyrophosphate in SnF2 and placebo toothpastes, silica in NaF toothpaste.

Outcomes 3yDMFS increment - (CA)cl+(ER)xr.

Reported at 1, 2 and 3 years follow ups.

DMFT.

Notes Participants randomised (N = 3093).

Baseline characteristics (DMFS, DMFT) ’balanced’.

Clinical (VT) caries assessment (FOTI used) by one examiner, diagnostic threshold = CA. Radiographic

assessment (postBW) by one examiner; diagnostic threshold = ER. State of tooth eruption included =

NR. Intra-examiner reproducibility checks for incremental clinical and radiographic caries data in 10%

sample (icc score 0.9). Reversal rate very low and similar among groups.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Drop-out rate based only on groups relevant to review, on relevant follow ups, unless otherwise stated. Baseline caries experience

averaged among relevant study arms, and based on the study sample analysed at the end of study period (final sample), unless

otherwise stated. Age range (average age when reported) at the time the study started based on all study participants (or on groups

relevant to the review when data were available).

1stm = first permanent molar; ’A’ = classified as double-blind but participants may not be blind (as a ’PL’ was used); Al = aluminium;

Alumina = Al oxide trihydrate (Al2O3); AmF = amine fluoride; APF = acidulated phosphate fluoride; Ca = calcium; Ca carbonate =

CaCO3; CA = lesions showing loss of enamel continuity that can be recorded clinically (undermined enamel, softened floor/walls)

or showing frank cavitation; CAR = caries attack rate; CIR = caries incidence rate; Chlor = chlorhexidine diguclonate; cl = clinical

examination; d(e)ft/s = decayed, (extracted) and filled deciduous teeth or surface; dmft/s = decayed, missing (or extracted) and filled

deciduous teeth or surface; D(M)FS/T = decayed, (missing ) and filled permanent surfaces or teeth; DR = radiolucency into dentin;

E = teeth erupted at baseline; ECSI = Extrapolated Caries Surface Index (assesses caries progression into enamel/dentin/pulp); ER =

any radiolucency in enamel/enamel-dentin junction; F = fluoride; FR = fluoride mouthrinse; FT = fluoride toothpaste; icc = intra-class

correlation coefficient (for inter-rater reliability); IMP = insoluble Na metaphosphate; M = missing permanent teeth; MD = mesio and

distal surfaces; N = numbers; Na = sodium; NaF = sodium fluoride; Na bicarbonate = NaHCO3; NCA = non-cavitated enamel lesions

visible as white spots or discoloured fissures; NR = not reported; NS = not significant; O = occlusal surfaces; PF = pit and fissure surfaces;

PL = placebo toothpaste; ’PL’ = fluoride-free toothpaste but not a true placebo (e.g. different in taste or colour from test toothpaste(s));

post BW = posterior bite-wing x-ray assessment; ppm F = parts per million of fluoride; ptc = prior tooth-cleaning performed with or

without a non-fluoride paste; Silica = silicon dioxide (SiO2; SMFP = sodium monofluorophosphate; SnF2 = stannous fluoride; U =

teeth unerupted at baseline; VT = visual-tactile assessment; xr = radiographic examination.
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Characteristics of excluded studies [ordered by study ID]

Antia 1974 Random or quasi-random allocation not stated.

Axelsson 1976 Additional fluoride-based intervention associated to fluoride toothpaste. Blind outcome assessment not stated.

Bibby 1945 Random or quasi-random allocation not stated or indicated. Blind outcome assessment not stated or indicated.

Bixler 1962 Group of participants more than 16 years old selected. Random or quasi-random allocation not stated.

Bixler 1966 Group of young adults selected.

Bixler 1966a Additional fluoride-based intervention associated to fluoride toothpaste. Group of participants more than 16 years

old selected. Blind outcome assessment not stated.

Downer 1976 Additional fluoride-based intervention associated to fluoride toothpaste.

Ennever 1980 Random or quasi-random allocation not stated or indicated.

Finn 1963 Medically compromised group of institutionalised children selected.

Gish 1965 Additional fluoride-based intervention associated to fluoride toothpaste. Blind outcome assessment not stated.

Gutherz 1968 Random or quasi-random allocation not stated or indicated. Blind outcome assessment not stated or indicated.

Halikis 1966 Random or quasi-random allocation not stated or indicated.

Hill 1959 Random or quasi-random allocation not stated or indicated. Blind outcome assessment not stated or indicated.

Jiraskova 1965 Random or quasi-random allocation not stated or indicated. Blind outcome assessment not stated or indicated.

Jordan 1959 Only two clusters (schools), each randomised to one of the two interventions compared.

Kunzel 1977 Additional fluoride-based intervention associated to fluoride toothpaste.

Lehnhoff 1966 Participants more than 16 years old selected.

Lu 1985 Additional active agent associated to fluoride in toothpaste.

Luoma 1978 Additional fluoride-based intervention associated to fluoride toothpaste.

Mergele 1968a Medically compromised group of institutionalised young adults and children selected.

Moller 1968 Additional active agent associated to fluoride in test toothpaste.

Muhler 1955a Random or quasi-random allocation not stated.
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(Continued)

Muhler 1957 Random or quasi-random allocation not stated.

Muhler 1958 Participants more than 16 years old selected. Random or quasi-random allocation not stated.

Muhler 1960 Participants more than 16 years old selected. Random or quasi-random allocation not stated. Blind outcome

assessment not stated.

Muhler 1962 Participants more than 16 years old selected.

Niwa 1975 Random or quasi-random allocation not stated or indicated. Blind outcome assessment not stated or indicated.

Onisi 1970 Random or quasi-random allocation not stated or indicated. Blind outcome assessment not stated or indicated.

Onisi 1974 Additional active agent associated to fluoride in toothpaste. Only two clusters (villages), each assigned to one of

the two interventions compared.

Patz 1970 Participants more than 16 years old selected. Blind outcome assessment not stated.

Peffley 1960 Participants more than 16 years old selected. Random or quasi-random allocation not stated. Blind outcome

assessment not stated.

Piccione 1979 Blind outcome assessment not stated or indicated.

Riethe 1975 Blind outcome assessment not stated or indicated.

Stookey 1975 Random or quasi-random allocation not stated.

Wrinkler 1953 Random or quasi-random allocation clearly not used (non-random concurrent control: by matching procedure).

Zickert 1982 Additional fluoride-based intervention associated to fluoride toothpaste.
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D A T A A N D A N A L Y S E S

Comparison 1. Fluoride toothpaste versus placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 D(M)FS increment (prevented

fraction) - nearest to 3 years

(70 trials)

Other data No numeric data

2 D(M)FT increment (prevented

fraction) - nearest to 3 years

(53 trials)

Other data No numeric data

3 D(M)FS increment (SMD) -

nearest to 3 years (70 trials)

70 42300 Std. Mean Difference (IV, Random, 95% CI) -0.31 [-0.35, -0.27]

4 D(M)FT increment (SMD) -

nearest to 3 years (53 trials)

53 32371 Std. Mean Difference (IV, Random, 95% CI) -0.28 [-0.33, -0.23]

5 Developing one or more new

caries (6 trials)

7 2878 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.80, 1.04]

6 Acquiring extrinsic tooth

staining (5 trials)

5 3948 Risk Difference (M-H, Random, 95% CI) 0.24 [0.19, 0.30]

Analysis 1.1. Comparison 1 Fluoride toothpaste versus placebo, Outcome 1 D(M)FS increment (prevented

fraction) - nearest to 3 years (70 trials).

D(M)FS increment (prevented fraction) - nearest to 3 years (70 trials)

Abrams 1980 12% (4% to 21%)

Andlaw 1975 21% (12% to 30%)

Ashley 1977 21% (9% to 33%)

Blinkhorn 1983 26% (13% to 40%)

Brudevold 1966 21% (12% to 30%)

Buhe 1984 22% (16% to 27%)

Cahen 1982 13% (6% to 20%)

Di Maggio 1980 61% (55% to 68%)

Dolles 1980 17% (-48% to 81%)

Fanning 1968 21% (15% to 27%)

Fogels 1979 18% (11% to 25%)
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D(M)FS increment (prevented fraction) - nearest to 3 years (70 trials) (Continued)

Forsman 1974 10% (-9% to 29%)

Forsman 1974a 8% (-9% to 25%)

Gish 1966 26% (13% to 40%)

Glass 1978 28% (11% to 44%)

Glass 1983 26% (12% to 39%)

Hanachowicz 1984 27% (19% to 34%)

Hargreaves 1973 25% (11% to 39%)

Hargreaves 1973a 28% (15% to 42%)

Hargreaves 1973b 23% (12% to 34%)

Held 1968 80% (71% to 90%)

Held 1968a 31% (-5% to 68%)

Held 1968b -9% (-74% to 56%)

Hodge 1980 18% (8% to 27%)

Horowitz 1966 17% (7% to 27%)

Howat 1978 26% (14% to 37%)

Jackson 1967 12% (4% to 20%)

James 1967 18% (5% to 31%)

James 1977 31% (24% to 37%)

Kinkel 1972 37% (26% to 49%)

Kleber 1996 -4% (-54% to 46%)

Koch 1967 40% (27% to 54%)

Koch 1967a 48% (39% to 58%)

Koch 1967b 38% (19% to 58%)

Koch 1967c 11% (-6% to 28%)
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D(M)FS increment (prevented fraction) - nearest to 3 years (70 trials) (Continued)

Lind 1974 32% (23% to 40%)

Mainwaring 1978 16% (7% to 25%)

Mainwaring 1983 19% (10% to 29%)

Marthaler 1965 31% (20% to 42%)

Marthaler 1965a 26% (5% to 47%)

Marthaler 1970 22% (-1% to 44%)

Marthaler 1970a 35% (6% to 64%)

Marthaler 1974 33% (11% to 55%)

Mergele 1968 13% (1% to 26%)

Muhler 1955 36% (19% to 53%)

Muhler 1970 29% (14% to 44%)

Murray 1980 30% (21% to 39%)

Naylor 1967 14% (7% to 21%)

Naylor 1979 22% (14% to 31%)

Peterson 1967 17% (9% to 25%)

Peterson 1979 10% (-7% to 27%)

Reed 1973 12% (1% to 23%)

Reed 1975 30% (15% to 45%)

Ringelberg 1979 18% (1% to 35%)

Rule 1984 29% (20% to 37%)

Segal 1967 19% (5% to 34%)

Slack 1967 1% (-14% to 15%)

Slack 1967a 5% (-7% to 17%)

Slack 1971 17% (9% to 24%)
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D(M)FS increment (prevented fraction) - nearest to 3 years (70 trials) (Continued)

Thomas 1966 30% (17% to 44%)

Torell 1965 20% (11% to 29%)

Torell 1965a 6% (-5% to 18%)

Torell 1965b 15% (5% to 26%)

Weisenstein 1972 11% (-3% to 25%)

Zacherl 1970 40% (32% to 49%)

Zacherl 1970a 43% (37% to 50%)

Zacherl 1972 22% (11% to 34%)

Zacherl 1972a 23% (12% to 35%)

Zacherl 1973 30% (10% to 49%)

Zacherl 1981 32% (20% to 44%

Analysis 1.2. Comparison 1 Fluoride toothpaste versus placebo, Outcome 2 D(M)FT increment (prevented

fraction) - nearest to 3 years (53 trials).

D(M)FT increment (prevented fraction) - nearest to 3 years (53 trials)

Abrams 1980 15% (4% to 26%)

Andlaw 1975 18% (10% to 26%)

Blinkhorn 1983 30% (18% to 43%)

Brudevold 1966 22% (13% to 31%)

Buhe 1984 17% (11% to 23%)

Cahen 1982 15% (9% to 20%)

Di Maggio 1980 51% (45% to 56%)

Fogels 1979 12% (2% to 21%)

Gish 1966 14% (-1% to 29%)

Glass 1978 25% (11% to 40%)

Glass 1983 28% (16% to 39%)
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D(M)FT increment (prevented fraction) - nearest to 3 years (53 trials) (Continued)

Hanachowicz 1984 26% (19% to 33%)

Hargreaves 1973 17% (-3% to 38%)

Hargreaves 1973a 29% (14% to 4%)

Hargreaves 1973b 11% (-4% to 26%)

Held 1968 93% (85% to 101%)

Held 1968a 40% (-4% to 83%)

Held 1968b 59% (10% to 109%)

Hodge 1980 22% (14% to 30%)

Horowitz 1966 17% (6% to 27%)

Howat 1978 27% (17% to 37%)

Jackson 1967 10% (3% to 18%)

James 1967 11% (-2% to 24%)

Kleber 1996 -2% (-50% to 47%)

Koch 1967 35% (24% to 46%)

Koch 1967a 30% (17% to 43%)

Koch 1967b 30% (-3% to 63%)

Koch 1967c 5% (-14% to 24%)

Lind 1974 31% (23% to 38%)

Marthaler 1965 33% (20% to 45%)

Marthaler 1965a 16% (-5% to 37%)

Marthaler 1974 33% (15% to 52%)

Mergele 1968 6% (-5% to 18%)

Muhler 1955 34% (11% to 57%)

Muhler 1970 32% (16% to 49%)
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D(M)FT increment (prevented fraction) - nearest to 3 years (53 trials) (Continued)

Naylor 1967 8% (1% to 15%)

Naylor 1979 20% (12% to 27%)

Peterson 1967 14% (5% to 23%)

Peterson 1979 10% (-7% to 26%)

Reed 1973 18% (8% to 28%)

Reed 1975 26% (10% to 41%)

Ringelberg 1979 15% (1% to 30%)

Rule 1984 24% (14% to 34%)

Slack 1967 -2% (-14% to 11%)

Slack 1967a 4% (-7% to 14%)

Thomas 1966 31% (15% to 47%)

Weisenstein 1972 15% (1% to 28%)

Zacherl 1970 35% (24% to 47%)

Zacherl 1970a 37% (29% to 46%)

Zacherl 1972 20% (6% to 34%)

Zacherl 1972a 21% (8% to 33%)

Zacherl 1973 35% (18% to 53%)

Zacherl 1981 31% (20% to 42%)
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Analysis 1.3. Comparison 1 Fluoride toothpaste versus placebo, Outcome 3 D(M)FS increment (SMD) -

nearest to 3 years (70 trials).

Review: Fluoride toothpastes for preventing dental caries in children and adolescents

Comparison: 1 Fluoride toothpaste versus placebo

Outcome: 3 D(M)FS increment (SMD) - nearest to 3 years (70 trials)

Study or subgroup Fluoride Toothpaste Placebo Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Mainwaring 1983 458 8.88 (6.44) 224 11 (8.23) 1.7 % -0.30 [ -0.46, -0.14 ]

Abrams 1980 761 6.42 (5.27) 380 7.33 (5.67) 1.8 % -0.17 [ -0.29, -0.04 ]

Andlaw 1975 364 6.07 (4.97) 376 7.68 (5.24) 1.7 % -0.31 [ -0.46, -0.17 ]

Ashley 1977 246 4.44 (4.02) 243 5.61 (4.64) 1.6 % -0.27 [ -0.45, -0.09 ]

Blinkhorn 1983 184 4.6 (4.33) 184 6.25 (5.55) 1.4 % -0.33 [ -0.54, -0.13 ]

Brudevold 1966 955 5.56 (6.11) 323 7.03 (6.11) 1.8 % -0.24 [ -0.37, -0.11 ]

Buhe 1984 859 13.01 (7.92) 427 16.6 (9.23) 1.9 % -0.43 [ -0.55, -0.31 ]

Cahen 1982 1300 3.54 (3.18) 708 4.05 (3.46) 2.0 % -0.16 [ -0.25, -0.06 ]

Di Maggio 1980 22 4.45 (0.98) 20 11.55 (3.53) 0.2 % -2.75 [ -3.61, -1.88 ]

Dolles 1980 24 1.92 (2.71) 23 2.3 (3) 0.4 % -0.13 [ -0.70, 0.44 ]

Fanning 1968 422 9.67 (6.37) 422 12.23 (6.37) 1.8 % -0.40 [ -0.54, -0.27 ]

Fogels 1979 890 6.83 (5.46) 449 8.34 (6.09) 1.9 % -0.27 [ -0.38, -0.15 ]

Forsman 1974 414 2.92 (3.42) 145 3.25 (3.63) 1.5 % -0.09 [ -0.28, 0.09 ]

Forsman 1974a 262 5.24 (4.72) 132 5.67 (4.93) 1.4 % -0.09 [ -0.30, 0.12 ]

Gish 1966 165 4.75 (4.24) 163 6.44 (5.18) 1.4 % -0.36 [ -0.57, -0.14 ]

Glass 1978 178 5.31 (5.95) 168 7.36 (7.68) 1.4 % -0.30 [ -0.51, -0.09 ]

Glass 1983 567 2.39 (3) 286 3.21 (4.04) 1.7 % -0.24 [ -0.38, -0.10 ]

Hanachowicz 1984 473 5.3 (4.45) 472 7.23 (5.59) 1.8 % -0.38 [ -0.51, -0.25 ]

Hargreaves 1973 163 5.39 (4.79) 140 7.16 (5.6) 1.3 % -0.34 [ -0.57, -0.11 ]

Hargreaves 1973a 146 5.71 (4.94) 138 7.97 (5.94) 1.3 % -0.41 [ -0.65, -0.18 ]

Hargreaves 1973b 146 10.68 (6.98) 151 13.83 (8.04) 1.3 % -0.42 [ -0.65, -0.19 ]

Held 1968 32 2.6 (3.21) 31 13.2 (7.84) 0.4 % -1.76 [ -2.34, -1.17 ]

Held 1968a 19 5.5 (4.84) 17 8 (5.95) 0.3 % -0.45 [ -1.12, 0.21 ]

Held 1968b 14 6.1 (5.13) 18 5.6 (4.89) 0.3 % 0.10 [ -0.60, 0.80 ]

Hodge 1980 597 6.43 (5.15) 202 7.83 (5.49) 1.7 % -0.27 [ -0.43, -0.11 ]

-4 -2 0 2 4

Favours F Toothpaste Favours Placebo
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(. . . Continued)
Study or subgroup Fluoride Toothpaste Placebo Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Horowitz 1966 329 4.88 (3.81) 309 5.87 (4.75) 1.7 % -0.23 [ -0.39, -0.07 ]

Howat 1978 253 5.71 (5.49) 242 7.69 (6.39) 1.6 % -0.33 [ -0.51, -0.15 ]

Jackson 1967 438 7.23 (4.7) 433 8.2 (5.45) 1.8 % -0.19 [ -0.32, -0.06 ]

James 1967 406 4.26 (5.19) 397 5.2 (5.42) 1.8 % -0.18 [ -0.32, -0.04 ]

James 1977 403 8.2 (6.03) 379 11.8 (7.37) 1.7 % -0.54 [ -0.68, -0.39 ]

Kinkel 1972 354 2.14 (2.88) 345 3.41 (3.72) 1.7 % -0.38 [ -0.53, -0.23 ]

Kleber 1996 77 1.66 (2.81) 79 1.59 (2.13) 1.0 % 0.03 [ -0.29, 0.34 ]

Koch 1967 64 11.45 (9.28) 60 19.17 (8.75) 0.8 % -0.85 [ -1.22, -0.48 ]

Koch 1967a 60 11.87 (6.82) 60 22.97 (10.38) 0.8 % -1.26 [ -1.65, -0.86 ]

Koch 1967b 32 6.56 (4.3) 38 10.66 (7.4) 0.6 % -0.66 [ -1.14, -0.17 ]

Koch 1967c 127 5.67 (4.17) 128 6.37 (5.09) 1.3 % -0.15 [ -0.40, 0.10 ]

Lind 1974 592 3.71 (4.38) 575 5.43 (5.28) 1.9 % -0.35 [ -0.47, -0.24 ]

Mainwaring 1978 791 6.95 (5.96) 316 8.27 (6.62) 1.8 % -0.21 [ -0.35, -0.08 ]

Marthaler 1965 145 5.31 (3.75) 124 7.71 (4.7) 1.3 % -0.57 [ -0.81, -0.32 ]

Marthaler 1965a 42 11.33 (7.59) 32 15.25 (8.55) 0.6 % -0.48 [ -0.95, -0.02 ]

Marthaler 1970 43 3.44 (2.52) 57 4.4 (3.14) 0.7 % -0.33 [ -0.73, 0.07 ]

Marthaler 1970a 23 2.57 (2.09) 20 3.95 (2.7) 0.4 % -0.57 [ -1.18, 0.05 ]

Marthaler 1974 50 5.62 (5.46) 59 8.39 (5.77) 0.8 % -0.49 [ -0.87, -0.11 ]

Mergele 1968 197 4.83 (3.28) 190 5.57 (4.3) 1.5 % -0.19 [ -0.39, 0.01 ]

Muhler 1955 219 1.55 (2.42) 225 2.42 (3.08) 1.5 % -0.31 [ -0.50, -0.13 ]

Muhler 1970 201 2.87 (3.47) 235 4.05 (3.99) 1.5 % -0.31 [ -0.50, -0.12 ]

Murray 1980 750 4.48 (5.25) 356 6.43 (6.02) 1.8 % -0.35 [ -0.48, -0.23 ]

Naylor 1967 494 7.94 (5.09) 479 9.22 (6.2) 1.8 % -0.23 [ -0.35, -0.10 ]

Naylor 1979 319 8.09 (6.09) 306 10.42 (6.47) 1.7 % -0.37 [ -0.53, -0.21 ]

Peterson 1967 634 7.63 (5.59) 320 9.19 (6.12) 1.8 % -0.27 [ -0.40, -0.14 ]

Peterson 1979 467 2.87 (3.66) 245 3.18 (3.86) 1.7 % -0.08 [ -0.24, 0.07 ]

Reed 1973 1128 3.53 (4.21) 397 4 (4.18) 1.9 % -0.11 [ -0.23, 0.00 ]

Reed 1975 168 3.02 (3.31) 176 4.32 (4.21) 1.4 % -0.34 [ -0.55, -0.13 ]

Ringelberg 1979 370 5.13 (5.85) 186 6.25 (7.36) 1.6 % -0.17 [ -0.35, 0.00 ]

Rule 1984 460 4.56 (4.72) 416 6.39 (4.69) 1.8 % -0.39 [ -0.52, -0.25 ]

Segal 1967 338 2.69 (3.27) 310 3.33 (3.68) 1.7 % -0.18 [ -0.34, -0.03 ]

-4 -2 0 2 4
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(. . . Continued)
Study or subgroup Fluoride Toothpaste Placebo Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Slack 1967 356 5.59 (5.34) 340 5.62 (5.62) 1.7 % -0.01 [ -0.15, 0.14 ]

Slack 1967a 376 5.64 (4.83) 381 5.95 (5.68) 1.7 % -0.06 [ -0.20, 0.08 ]

Slack 1971 821 10.67 (7.68) 289 12.83 (8.31) 1.8 % -0.28 [ -0.41, -0.14 ]

Thomas 1966 309 2.84 (2.92) 155 4.08 (4.11) 1.5 % -0.37 [ -0.56, -0.17 ]

Torell 1965 335 8.09 (6.86) 333 10.16 (6.59) 1.7 % -0.31 [ -0.46, -0.15 ]

Torell 1965a 148 10.11 (5.11) 137 10.81 (6.2) 1.3 % -0.12 [ -0.36, 0.11 ]

Torell 1965b 188 10.25 (6.03) 180 12.12 (7.24) 1.4 % -0.28 [ -0.49, -0.08 ]

Weisenstein 1972 206 4.98 (4) 196 5.6 (4.34) 1.5 % -0.15 [ -0.34, 0.05 ]

Zacherl 1970 251 3.79 (3.49) 261 6.36 (4.69) 1.6 % -0.62 [ -0.80, -0.44 ]

Zacherl 1970a 260 8.5 (6.61) 268 15.04 (8.19) 1.6 % -0.88 [ -1.05, -0.70 ]

Zacherl 1972 231 6.51 (5.21) 216 8.39 (6.58) 1.5 % -0.32 [ -0.50, -0.13 ]

Zacherl 1972a 684 5.08 (5.21) 210 6.62 (6.25) 1.7 % -0.28 [ -0.44, -0.13 ]

Zacherl 1973 220 3.55 (5.77) 224 5.04 (6.39) 1.5 % -0.24 [ -0.43, -0.06 ]

Zacherl 1981 1500 4.1 (5.63) 254 6.02 (7.71) 1.8 % -0.32 [ -0.45, -0.19 ]

Total (95% CI) 25520 16780 100.0 % -0.31 [ -0.35, -0.27 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 268.36, df = 69 (P<0.00001); I2 =74%

Test for overall effect: Z = 14.45 (P < 0.00001)
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Analysis 1.4. Comparison 1 Fluoride toothpaste versus placebo, Outcome 4 D(M)FT increment (SMD) -

nearest to 3 years (53 trials).

Review: Fluoride toothpastes for preventing dental caries in children and adolescents

Comparison: 1 Fluoride toothpaste versus placebo

Outcome: 4 D(M)FT increment (SMD) - nearest to 3 years (53 trials)

Study or subgroup Fluoride toothpaste Placebo Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Abrams 1980 761 3.4 (3.72) 380 3.99 (4.06) 2.5 % -0.15 [ -0.28, -0.03 ]

Andlaw 1975 364 3.73 (2.8) 376 4.56 (2.72) 2.3 % -0.30 [ -0.45, -0.16 ]

Blinkhorn 1983 184 2.45 (2.37) 184 3.51 (2.61) 1.9 % -0.42 [ -0.63, -0.22 ]

Brudevold 1966 955 2.59 (2.75) 323 3.32 (2.75) 2.5 % -0.27 [ -0.39, -0.14 ]

Buhe 1984 859 4.66 (3.03) 427 5.6 (3.25) 2.5 % -0.30 [ -0.42, -0.19 ]

Cahen 1982 1300 1.58 (1.28) 708 1.85 (1.33) 2.7 % -0.21 [ -0.30, -0.12 ]

Di Maggio 1980 22 1.95 (0.21) 20 3.95 (0.98) 0.2 % -2.83 [ -3.71, -1.96 ]

Fogels 1979 890 4.22 (4.19) 449 4.77 (4.48) 2.6 % -0.13 [ -0.24, -0.01 ]

Gish 1966 165 3.14 (2.65) 163 3.66 (2.71) 1.8 % -0.19 [ -0.41, 0.02 ]

Glass 1978 178 3.19 (3.07) 168 4.27 (3.61) 1.8 % -0.32 [ -0.53, -0.11 ]

Glass 1983 567 1.54 (1.68) 286 2.13 (2.35) 2.3 % -0.31 [ -0.45, -0.16 ]

Hanachowicz 1984 473 3.21 (2.56) 472 4.35 (3) 2.4 % -0.41 [ -0.54, -0.28 ]

Hargreaves 1973 163 3.1 (3.53) 140 3.75 (3.92) 1.7 % -0.17 [ -0.40, 0.05 ]

Hargreaves 1973a 146 4.24 (4.2) 138 5.99 (5.08) 1.7 % -0.38 [ -0.61, -0.14 ]

Hargreaves 1973b 146 7.21 (5.62) 151 8.11 (6) 1.7 % -0.15 [ -0.38, 0.07 ]

Held 1968 32 0.3 (0.98) 31 4.5 (4.34) 0.6 % -1.33 [ -1.88, -0.78 ]

Held 1968a 19 2.6 (3.21) 17 4.3 (4.23) 0.4 % -0.45 [ -1.11, 0.22 ]

Held 1968b 14 0.9 (1.79) 18 2.2 (2.93) 0.4 % -0.51 [ -1.22, 0.20 ]

Hodge 1980 597 3.66 (2.65) 202 4.72 (2.9) 2.2 % -0.39 [ -0.55, -0.23 ]

Horowitz 1966 329 2.24 (1.81) 309 2.69 (2.11) 2.2 % -0.23 [ -0.38, -0.07 ]

Howat 1978 253 3.2 (2.65) 242 4.36 (3.12) 2.1 % -0.40 [ -0.58, -0.22 ]

Jackson 1967 438 4.59 (3.07) 433 5.12 (3.1) 2.4 % -0.17 [ -0.30, -0.04 ]

James 1967 406 2.25 (2.55) 397 2.53 (2.32) 2.4 % -0.11 [ -0.25, 0.02 ]

Kleber 1996 77 1.06 (1.67) 79 1.04 (1.51) 1.2 % 0.01 [ -0.30, 0.33 ]

Koch 1967 64 6.08 (3.44) 60 9.32 (3.33) 1.0 % -0.95 [ -1.32, -0.58 ]
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(. . . Continued)
Study or subgroup Fluoride toothpaste Placebo Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Koch 1967a 60 5.05 (2.63) 60 7.18 (3.64) 1.0 % -0.67 [ -1.03, -0.30 ]

Koch 1967b 32 2.06 (1.92) 38 2.95 (3.21) 0.7 % -0.33 [ -0.80, 0.15 ]

Koch 1967c 127 3.38 (2.48) 128 3.55 (3.17) 1.6 % -0.06 [ -0.31, 0.19 ]

Lind 1974 592 2.47 (2.68) 575 3.56 (2.88) 2.5 % -0.39 [ -0.51, -0.28 ]

Marthaler 1965 145 2.57 (2.13) 124 3.81 (2.65) 1.6 % -0.52 [ -0.76, -0.27 ]

Marthaler 1965a 42 5.2 (3.04) 32 6.21 (3.18) 0.7 % -0.32 [ -0.79, 0.14 ]

Marthaler 1974 50 3.26 (2.64) 59 4.88 (3.09) 0.9 % -0.56 [ -0.94, -0.17 ]

Mergele 1968 197 3.62 (2.25) 190 3.87 (2.43) 1.9 % -0.11 [ -0.31, 0.09 ]

Muhler 1955 219 0.84 (1.72) 225 1.27 (2.16) 2.0 % -0.22 [ -0.41, -0.03 ]

Muhler 1970 201 1.48 (2.18) 235 2.19 (2.39) 2.0 % -0.31 [ -0.50, -0.12 ]

Naylor 1967 494 4.48 (2.74) 479 4.89 (2.86) 2.5 % -0.15 [ -0.27, -0.02 ]

Naylor 1979 319 4.49 (2.81) 306 5.58 (2.92) 2.2 % -0.38 [ -0.54, -0.22 ]

Peterson 1967 636 3.42 (2.67) 320 3.98 (2.93) 2.4 % -0.20 [ -0.34, -0.07 ]

Peterson 1979 467 1.99 (2.35) 245 2.2 (2.56) 2.2 % -0.09 [ -0.24, 0.07 ]

Reed 1973 1128 2.08 (2.51) 397 2.54 (2.45) 2.5 % -0.18 [ -0.30, -0.07 ]

Reed 1975 168 1.92 (2.06) 176 2.58 (2.38) 1.8 % -0.30 [ -0.51, -0.08 ]

Ringelberg 1979 370 2.21 (2.38) 186 2.6 (2.34) 2.1 % -0.16 [ -0.34, 0.01 ]

Rule 1984 460 2.78 (3.22) 416 3.67 (3.06) 2.4 % -0.28 [ -0.42, -0.15 ]

Slack 1967 356 3.27 (2.83) 340 3.22 (2.73) 2.3 % 0.02 [ -0.13, 0.17 ]

Slack 1967a 376 3.64 (2.75) 381 3.78 (3.08) 2.3 % -0.05 [ -0.19, 0.09 ]

Thomas 1966 309 1.6 (2.06) 155 2.32 (2.61) 1.9 % -0.32 [ -0.51, -0.12 ]

Weisenstein 1972 206 2.9 (2.31) 196 3.4 (2.77) 1.9 % -0.20 [ -0.39, 0.00 ]

Zacherl 1970 251 1.69 (1.9) 261 2.62 (2.26) 2.1 % -0.44 [ -0.62, -0.27 ]

Zacherl 1970a 260 3.19 (3.06) 268 5.09 (3.27) 2.1 % -0.60 [ -0.77, -0.42 ]

Zacherl 1972 231 2.89 (2.72) 216 3.62 (3.28) 2.0 % -0.24 [ -0.43, -0.06 ]

Zacherl 1972a 684 2.5 (2.68) 210 3.15 (3.22) 2.2 % -0.23 [ -0.39, -0.08 ]

Zacherl 1973 220 1.68 (2.79) 224 2.6 (3.01) 2.0 % -0.32 [ -0.50, -0.13 ]

Zacherl 1981 1500 2.25 (3.03) 254 3.26 (3.92) 2.4 % -0.32 [ -0.45, -0.18 ]

Total (95% CI) 19502 12869 100.0 % -0.28 [ -0.33, -0.23 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 174.51, df = 52 (P<0.00001); I2 =70%

Test for overall effect: Z = 12.18 (P < 0.00001)
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Analysis 1.5. Comparison 1 Fluoride toothpaste versus placebo, Outcome 5 Developing one or more new

caries (6 trials).

Review: Fluoride toothpastes for preventing dental caries in children and adolescents

Comparison: 1 Fluoride toothpaste versus placebo

Outcome: 5 Developing one or more new caries (6 trials)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Dolles 1980 13/24 15/23 5.9 % 0.83 [ 0.52, 1.33 ]

Forsman 1974 174/414 56/145 13.4 % 1.09 [ 0.86, 1.38 ]

Forsman 1974a 139/262 69/132 15.2 % 1.01 [ 0.83, 1.24 ]

Hanachowicz 1984 425/473 447/472 22.5 % 0.95 [ 0.91, 0.98 ]

Kleber 1996 45/77 40/79 11.1 % 1.15 [ 0.87, 1.54 ]

Marthaler 1974 37/50 54/59 16.1 % 0.81 [ 0.67, 0.97 ]

Torell 1965 113/335 169/333 16.0 % 0.66 [ 0.55, 0.80 ]

Total (95% CI) 1635 1243 100.0 % 0.91 [ 0.80, 1.04 ]

Total events: 946 (Treatment), 850 (Control)

Heterogeneity: Tau2 = 0.02; Chi2 = 23.09, df = 6 (P = 0.00077); I2 =74%

Test for overall effect: Z = 1.36 (P = 0.17)
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Analysis 1.6. Comparison 1 Fluoride toothpaste versus placebo, Outcome 6 Acquiring extrinsic tooth

staining (5 trials).

Review: Fluoride toothpastes for preventing dental caries in children and adolescents

Comparison: 1 Fluoride toothpaste versus placebo

Outcome: 6 Acquiring extrinsic tooth staining (5 trials)

Study or subgroup Treatment Control Risk Difference Weight Risk Difference

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

James 1967 268/406 145/397 19.7 % 0.29 [ 0.23, 0.36 ]

Naylor 1967 252/494 111/479 20.9 % 0.28 [ 0.22, 0.34 ]

Slack 1964 173/365 128/354 18.9 % 0.11 [ 0.04, 0.18 ]

Slack 1967 140/356 43/340 20.3 % 0.27 [ 0.20, 0.33 ]

Slack 1967a 158/376 61/381 20.3 % 0.26 [ 0.20, 0.32 ]

Total (95% CI) 1997 1951 100.0 % 0.24 [ 0.19, 0.30 ]

Total events: 991 (Treatment), 488 (Control)

Heterogeneity: Tau2 = 0.00; Chi2 = 17.30, df = 4 (P = 0.002); I2 =77%

Test for overall effect: Z = 8.08 (P < 0.00001)
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A P P E N D I C E S

Appendix 1. MEDLINE search strategy

(a) [(“DENTAL-CARIES” explode all subheadings or “DENTAL-CARIES-ACTIVITY-TESTS” all subheadings or “DENTAL-

CARIES-SUSCEPTIBILITY” all subheadings or CARIE* or DMF*) and ((“FLUORIDES” explode all subheadings or “FLUORIDES,-

TOPICAL” explode all subheadings or FLUOR* or AMF or AMINE F OR SNF2 OR STANNOUS F OR NAF OR SODIUM

F OR APF OR SMFP OR MFP OR MONOFLUOR*) or (“CARIOSTATIC-AGENTS” explode all subheadings or “DENTAL-

PROPHYLAXIS” explode all subheadings or “DENTIFRICES” explode all subheadings or “MOUTHWASHES” explode all sub-

headings or CARIOSTA* or PROPHYLA* or ANTICARI* or ANTI CARI* or VARNISH* or LACQUER* or DURAPHAT or

GEL* or TOOTHPASTE* or TOOTH PASTE* or PASTE* or DENTIFRIC* or MOUTHRINS* or MOUTH RINS* or RINS* or

MOUTHWASH* or MOUTH WASH*))].

(b) [((explode FLUORIDES/all subheadings) or (explode FLUORIDES-TOPICAL/ALL SUBHEADINGS) or (FLUOR*) or (AMF

or AMINE F OR SNF2 OR STANNOUS F OR NAF OR SODIUM F OR APF OR MFP OR SMFP OR MONOFLUOR*

OR DURAPHAT)) and ((CARI*) or (DMF*) or (TOOTH*) or (TEETH*) or (DENT* in TI, in AB, in MESH)) or ((explode

CARIOSTATIC-AGENTS/all subheadings) or (ANTICARI* or ANTI CARI*) or (explode MOUTHWASHES/all subheadings) or

(MOUTHWASH* or MOUTH WASH*) or (MOUTHRINS* or MOUTH RINS*) or (VARNISH* or LACQUER*))].
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Appendix 2. LILACS/BBO search strategy

[(fluor$ or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluor$ or duraphat$) and (carie$ or dmf$ or cpo$ or

tooth$ or teeth$ or dent$ or dient$ or anticarie$ or cario$ or mouthrins$ or mouth rins$ or rinse$ or bochech$ or enjuag$ or verniz$

or varnish$ or barniz$ or laca$ or gel or gels)] and [random$ or aleatori$ or acaso$ or azar$ or blind$ or mask$ or cego$ or cega$ or

ciego$ or ciega$ or placebo$ or(clinic$ and (trial$ or ensaio$ or estud$)) or (control$ and (trial$ or ensaio$ or estud$))].

Appendix 3. Supplementary MEDLINE search strategy

[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode “DENTAL-CARIES”/ALL SUBHEADINGS))

and (FLUOR* or APF* or NAF* or AMINE F OR SNF* or ACIDULATED* PHOSPHATE* FLUORID* or ACIDULATED*

FLUORID* or PHOSPHATE* FLUORID* or SODIUM* FLUORID* or AMINE* FLUORID* or STANNOUS* FLUORID* or

(explode “FLUORIDES”/ALL SUBHEADINGS)) and (TOOTHPASTE* or TOOTH* PASTE* or DENTIFRICE* or PASTE*) or

(explode “DENTIFRICES”/all subheadings)].
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