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ABSTRACT

The effectiveness of topical fluorides on dental caries has been extensively reviewed in a
number of traditional narrative reviews which often provide different estimates of
effectiveness based on selected published literature, and rarely explore the causes of
variability in reported effectiveness in a formal way. Recent studies, focusing mainly on the
evaluation of specific topical fluoride interventions, have used the meta-analytical approach
to synthesize studies results. However, there has been no systematic investigation
evaluating and comparing the effectiveness of the main forms of topical fluoride used for
caries prevention and examining formally the main factors that may influence their
effectiveness.

The aim of this thesis was to evaluate objectively and quantitatively the effectiveness and
safety of topical fluoride therapy (TFT) in the form of toothpastes, mouthrinses, gels and
varnishes in the prevention of dental caries in children. A secondary aim was to examine
the sources of heterogeneity that may influence effectiveness, including the initial level of
caries, background exposure to fluoride and intervention features. With regard to the
clinical effectiveness of TFT three basic questions were asked: Is TFT effective for children
and adolescents? Is one of the forms of TFT more effective than another? Are combinations
of TFT more effective than one TFT used alone?

A comprehensive search was carried out, in order to identify all relevant studies for
inclusion irrespective of language. It involved searching a wide range of databases and
other sources for controlled trials. Study selection, data extraction and quality assessment
were performed based on pre-designed and pilot tested forms and were duplicated in one
third of studies. The main outcome measure was caries increment, as measured by the
D(M)FS index. The primary measure of effect was the prevented fraction (PF) - the
difference in mean caries increment between the treatment and control groups expressed as
a percentage of the mean increment in the control group. Random effects meta-analyses
were performed throughout for estimation of treatment effects. Potential sources of
heterogeneity were investigated in random effects metaregression analyses.

Ill

Regular toothbrushing with fluoride toothpaste, supervised regular use of mouthrinse,
fluoride gels applied professionally or self-applied under supervision a few times a year,
and fluoride varnishes applied two to four times a year were associated with clear
reductions in caries increment. For fluoride varnishes, results were largely based on trials
with no treatment controls, and for the other modalities results were based on a substantial
body of evidence from placebo-controlled trials. Based on the direct evidence from the
trials, no conclusion could be reached about any effects that fluoride toothpaste might have
on fluorosis, or about any potential adverse effects of TFT. The caries preventive effect of
TFT varied according to type of control group (DMFS PF being substantially higher in non
placebo controlled trials), and increased with supervised use of self-applied TFT, higher
initial caries levels, higher fluoride concentration and frequency of application, but was not
influenced by exposure to water fluoridation. In adjusted indirect comparisons, caries
reductions were likely to be greater with the use of fluoride varnish; no significant
differences in effectiveness were indicated for the other TFT modalities. Evidence from
head to head comparisons did not indicate that fluoride varnish is more effective than other
fluorides; compared with each other, fluoride toothpaste and mouthrinse, and toothpaste
and gel appear to be effective to a similar degree. Topical fluorides (mouthrinses, gels, or
varnishes) used in addition to fluoride toothpaste achieve a modest reduction in caries
compared to toothpaste alone. It was concluded that the benefits of TFT are well
established, but further research is needed on potential adverse effects.
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CHAPTER 1

INTRODUCTION AND GENERAL BACKGROUND

1.1 - Introduction

Following the original epidemiological work of Dean et al (1938) showing the link between
fluoride levels in the drinking water and the prevalence of dental fluorosis and dental caries,
different strategies aimed at maximising the benefits of fluorides in the prevention of dental
caries for communities and for individuals have been developed during the last 60 years. A wide
choice of interventions became available and the use of topical fluorides in the form of
toothpastes, mouthrinses, gels and varnishes in particular has increased considerably in recent
decades.

Decisions about the appropriate provision of preventive or therapeutic strategies should be
informed by knowledge of the effects of the interventions, and require that this knowledge is
quantitative. The synthesis of research evidence can help increase access to this knowledge
base by ordering and summarising the evidence available and by increasing the precision of
any estimates of effects. Systematic reviews locate, appraise and synthesize the evidence from
relevant and valid primary studies in order to provide informative empirical answers to research

questions. Unlike other types of reviews that do not adhere to an explicit method, and tend to
be based on only a selection of the literature and thereby may be open to substantial bias and
error, systematic reviews aim to avoid these pitfalls by presenting an objective and
transparent view and a comprehensive scientific summary of the available evidence. In
addition, by including a quantitative synthesis of the results of individual experimental
studies, a meta-analysis, in a systematic review this can provide valuable insights concerning
the effectiveness of health care interventions through the epidemiological exploration and
evaluation of the included studies. Systematic reviews are therefore increasingly well
recognised as valuable sources of scientific information for rational decision-making, and a
worldwide attempt is underway by The Cochrane Collaboration to disseminate the available
evidence concerning important questions about the effects of health care interventions in the
form of systematic reviews of randomized controlled trials (Chalmers, 1993; Chalmers et al,
1997; Oxman, 2001; Clarke, 2002).

Systematic reviews are widely used to compile the evidence on the effectiveness of therapeutic
and preventive interventions in many areas of health care. They should be a powerftil scientific
tool to bring together and summarise the large body of knowledge from many experimental
studies of topical fluoride therapy for the prevention of dental caries. If so, the present study has
the potential to influence decisions about oral health care. It will be important because it may
reliably answer the research question relating to the effectiveness of topical fluorides,
provide the basis for the planning of future research, help in the formulation of evidencebased guidelines, and enhance estimation of probabilities needed for decision-trees and costeffectiveness analysis.

A variety o f study designs have been used to evaluate the effects of oral health care
interventions such as topical fluorides, and a hierarchy of validity exists to grade such studies
based on the rigour of their design and their ability to minimise bias (Woolf et al, 1990; CRD
Report 4, 1996). This hierarchy relates to how confident one can be that the observed effects
are attributable to the intervention and are not the result of other factors. The levels of
research evidence range from simple descriptive studies (e.g. cross-sectional), through
observational studies of individual based associations (e.g. case-control and cohort studies),

to formal experiments (e.g. randomized controlled trials). Large randomized trials are at the
top of the hierarchy. These are regarded as the best type of evidence to be included in
systematic reviews, because they are considered the best study design for prospective
research into effectiveness.

The concept of caries prevention through topical fluoride treatments and the animal, laboratory
research, and human trials which created the basis for the widespread use of fluoride in the form
of toothpastes, mouthrinses, gels and varnishes have been extensively documented and
discussed over the years since the potential usefulness of fluorides was first suggested in 1930s.
While these various topical fluoride interventions have been subjected to intensive clinical
testing in randomized controlled trials, the vast majority of reviews on the topic still use
traditional narrative methods to evaluate this evidence. This double standard of combining the
least biased evidence in a potentially biased way has been found in health care generally. Such
narrative reviews often provide very different estimates of effectiveness due to differences in
how the literature to be included was selected, and they rarely explore the causes of variability
in reported effectiveness in a formal way. Nevertheless, a large number of these reviews have
highlighted important issues relevant to the assessment of the effectiveness of topical fluorides
in caries prevention.

Major issues that need to be considered when evaluating the effectiveness of topical fluoride
interventions include; the potential benefits to be expected from topical fluorides, mainly in
terms of reduced overall caries increment; whether the benefits differ among the various
interventions and when these are used in combination; and how the benefits of topical fluoride
therapy vary according to the influence of potentially important effect modifiers (including
initial level of caries severity and background exposure to other fluoride sources). In addition,
potential harmful effects (including symptoms of acute toxicity and dental fluorosis) require
consideration. Unfortunately, these are rarely investigated or reported in conjunction with
effectiveness estimates in experimental studies.

To date, some published reviews focusing mainly on the evaluation of specific topical fluoride
active agents within specific deliver)^ systems, have used a quantitative meta-analytical

approach to synthesize study results (Stamm et al, 1984; Clark et al, 1985; Johnson, 1993;
Helfenstein and Steiner, 1994; Stamm, 1995; van Rijkom et al, 1998, Bartizek et al, 2001;
Strohmenger and Brambilla, 2001; Chaves and Vieira da Silva, 2002, Ammari et al 2003).
However, there has been no systematic investigation evaluating and comparing the overall
effectiveness of the main forms of topical fluoride therapy currently used and examining
formally the main factors that may influence their effectiveness. Moreover, none of the existing
reviews have attempted to identify all relevant experimental research.

This is the gap that this thesis will fill. It will evaluate objectively and quantitatively the
effectiveness of topical fluorides in caries prevention in children, and ascertain how widely the
experimental approach, specifically randomized trials, has been utilised in assessing their
effects. It will do so through a series of systematic reviews of all available evidence.

Following this introduction, a description of the potentials, concepts and principles of
systematic reviews of controlled trials and of the current movement to disseminate them in
general and oral health care is presented in Section 1.2. This section also discusses the
developments of, and future prospects for, systematic reviews. Section 1.3 provides
background information on the epidemiology of caries in children and on the patterns of use of
topical fluoride therapy for caries prevention, and addresses relevant issues regarding the
assessment of the effectiveness of these interventions, expanding on the rationale for
undertaking the systematic review on the topic. The aims, objectives and the structure of the
thesis are outlined in Section 1.4, and finally, Section 1.5 describes the focus of the thesis further
in the criteria used for considering studies for inclusion in the systematic reviews.

1.2 - Systematic reviews of controlled trials in general and oral health care

The move towards evidence-based health care is a complex process. It requires reliable
research findings to be made widely accessible and easily interpretable by those making
decisions. In dentistry, as in other scientific disciplines, the exponential growth of the volume
and complexity of health care information is making it increasingly difficult to keep abreast
of all relevant research and to ensure that the best available evidence is used in delivering

care. Firstly, the volume of research currently produced is too vast, too dispersed across
many types of publications and often too costly to access and compile. Secondly, most health
care professionals, including members of the dental profession, have not been prepared
academically to identify efficiently and appraise relevant research, which varies greatly in
quality\ And thirdly, the time required to review the total body of research in a particular
area or health care topic is much more than that which would be feasible for practising health
care professionals.

In response to these difficulties, scientific methods have been developed to improve the
ability to access, summarise, interpret and apply research evidence; foremost among them is
the systematic review. Systematic reviews of the best available evidence regarding the
effectiveness of health care interventions have come to occupy a key position between
research evidence and better health care. Such reviews can efficiently identify, evaluate and
synthesize valid research findings concerning important questions and provide ‘new’
information which may not be apparent from the individual studies to guide decisions and
choices in the health services (Chalmers and Haynes, 1994; Mulrow, 1994; Bero and Jadad,
1997; Cook et al, 1997).

In direct contrast to the selective and subjective approach largely used in the traditional
narrative review, the use of exhaustive search and pre-defined rigorous methods to conduct
systematic reviews reduce chance effects and limit bias, thus providing more reliable results
upon which to draw conclusions and make decisions. Moreover, because existing evidence is
appraised thoroughly and its inadequacies uncovered in systematic reviews, they are a crucial
first step before carrying out new research (Chalmers and Haynes, 1994) and are already
making major contributions to the standards of research conduct and reporting (Chalmers,
2001 ).

Thus, systematic reviews aim not only to evaluate and summarise the reliable research
evidence on any particular topic or question of interest, but also to highlight where such

^ Quality o f a study is defined in this thesis as the confidence that its design, conduct and
atialvsis has ntinitnised or avoided biases.
5

evidence is lacking. In this way they fill a role at both ends of the research process: as ‘up-todate’ summaries of accumulated knowledge and as stimuli for new work.

The specific issue of how to bring together quantitatively the evidence on the effectiveness of
an intervention provided by individual studies is also guided by formal rules in systematic
reviews. The appropriate and careful use of meta-analysis, with the statistical integration (and
examination) of results of similar independent studies, increases the power and precision of
estimated effects and “provides information that cannot be ascertained from any of the
studies alone” (Whitehead and Whitehead, 1991). Consequently, small but potentially
important effects may be detected with increased power, uncertainty may be resolved with
improved estimates when individual reports disagree, generalisability may be improved, a
priori hypothesis regarding treatment effects in subgroups of participants may be tested, and
heterogeneity between study results may be explored and sometimes explained (Egger and
Smith, 1997; Egger et al, 1997).

By performing cumulative meta-analyses in which each study is added sequentially to reflect
the order that each new relevant study became available, the point in time when a treatment
effect first reached conventional levels of statistical significance can be retrospectively
identified (Lau et al, 1995). When compared to recommendations made by experts in
traditional narrative reviews, the performance of continuously updated cumulative meta
analysis, as shown by Antman and collaborators (1992), can lead to earlier and more
actionable conclusions both in confirming that a therapy is beneficial and in identifying one
that is not beneficial or even harmful. . In this way, systematic reviews can help prevent
delays in both the provision of valid advice on effective forms of care and the cessation of
promotion for other forms of care that are shown to be ineffective or harmful. Moreover, the
conduct of unnecessary new studies addressing questions that have been already answered
can be avoided.

A careful application of the meta-analytical approach in systematic reviews can, therefore,
contribute importantly to health care. It can overcome not only the limitations of narrative
reviews but also many of the limitations of using a single study as evidence for the

effectiveness of health care interventions, as single primary studies are almost never
definitive. Most individual studies provide preliminary evidence at best because of limited
scope, poor design or execution, or a sample size insufficient for important benefits or
adverse effects of an intervention to be detected. This is particularly applicable to
randomized controlled trials (RCTs), generally considered the most appropriate study design
for estimating the relative effects of different health care interventions. RCTs may have a
rigorous design and conduct, but often lack the required size to demonstrate a moderate,
albeit potentially important treatment effect, or are too limited in scope to allow the
applicability to other populations to be determined or to perform reliable subgroup analyses
(Peto et al, 1995). Thus, the appropriate combining of results from as much as possible of the
randomized evidence in systematic reviews has become a desirable and necessary strategy in
effectiveness evaluation.

Furthermore, because heterogeneity and bias can and should be carefully examined in every
meta-analysis (Greenland, 1994; Thompson, 1994; Egger et al, 1997), a systematic review of
RCTs is often the best strategy for appraising the evidence across trials. Investigations of
differences between studies (heterogeneity) in a meta-analysis increase the scientific
understanding of the studies reviewed and the clinical relevance of their results. If the meta
analysis contains unexpected heterogeneity, metaregression (a powerful extension of a meta
analysis where the influence of one or more characteristics of the studies on the size of
treatment effect is examined) and subgroup analyses can be performed, if a sufficiently large
number of studies is available (Higgins et al, 2002). In this way, sources of variability (and
bias) may be detected. However, results of such analyses should be interpreted with caution,
especially if these analyses were not determined a priori (Thompson, 2001). This is because
exploring sources of heterogeneity through multiple or post hoc analyses in systematic
reviews may result in false positive conclusions (Thompson and Higgins, 2002).

Individual participant data (fPD), rather than published summary statistics, are often required
for meaningful subgroup (Davey Smith et al, 1997) and metaregression analyses (Thompson
and Higgins, 2002). Despite this, systematic reviews that have performed meta-analysis
entirely based on summary data from published reports are much more common and have

provided robust indicators of treatment outcome. However, the resource intensive and timeconsuming IPD reviews will overcome many of the problems associated with a reliance on
published data only, and some of those associated with a reliance on aggregate data, and will
add to the analysis that can be performed and increase the relevance of conclusions drawn
(Clarke and Stewart, 2001).

Research into the numerous ways in which bias may be introduced in systematic reviews of
clinical trials has contained important findings. Studies which show a statistically significant
effect of treatment are more likely to be published (Easterbrook et al, 1991; Dickersin et al,
1992; Stem and Simes, 1997), more likely to be published without delay (loannidis, 1998),
more likely to be published in English (Egger et al, 1997a), more likely to produce multiple
publications (Tramer et al, 1997), and more likely to be cited by other authors (Gotzsche,
1987). Such ‘positive’ studies are therefore more likely to be located and included in systematic
reviews, which may overestimate the beneficial effects of treatment (Egger et al, 2001). Study
quality has also been shown to influence the size of treatment effect estimates in meta-analysis,
because if poorly designed and executed studies may also overestimate the effects of healthcare
(Sacks et al, 1982; Schulz et al, 1995; Moher et al, 1998). These biases (publication and location
biases, and bias due to poor methodological quality of trials) are more likely to affect small
rather than large studies, and may become evident in a systematic review through an association
between treatment effect and study size (Sterne et al, 2001). With the progress that has been
made in our understanding of how best to detect and deal with such biases in meta-analysis,
using graphical (especially funnel plot analysis) and statistical methods, the scientific relevance
of systematic reviews has increased considerably.

Nevertheless, although meta-analysis may reduce statistical imprecision and may take account
of biases retrospectively, it cannot prevent biases. Greater efforts are required to reduce or avoid
biases in the individual studies that will contribute to systematic reviews, such as registration of
studies prior to their results being known, better conduct and reporting of studies, and reporting
of findings of studies regardless of the results (Chalmers and Altman, 1999). More
fundamentally, the pooling of trials in meta-analysis (and the quantitative exploration of study
results) may not always be appropriate, particularly if the available data are too sparse, of too

low quality, or too varied to allow for the sensible pooling of results. Thus, sometimes the
qualitative or descriptive synthesis of included studies is all that is possible in a systematic
review. In such situations, the thorough consideration of heterogeneity between study results, in
particular of possible sources of bias, can generally provide more insights than the mechanistic
calculation of an overall measure of effect. It is therefore important to examine further the basic
concepts and principles of systematic reviewing research.

1.2.1 - Definitions and terminology

What, then, is a ‘systematic review’, and why should this term (or its synonyms) be
distinguished from the term ‘meta-analysis’? A useful definition of systematic review was given
by Mulrow et al (1997) ; “Concise summaries of the best available evidence that address sharply
defined questions”. The term ‘systematic review’ denotes a type of scientific investigation that
seeks to assemble and examine all available evidence for a specific question in order to provide
an unbiased summary of this evidence by following an objective, pre-defined and
methodologically rigorous approach.

In contrast to narrative reviews which have widely recognised limitations in reliably
summarising research evidence, a systematic review is focused on the question posed,
comprehensive in the search for relevant studies, reproducible and impartial in the selection and
critical evaluation of these studies, and objective in the formal integration and exploration of
study results in order to meet the high methodological standards demanded of scientific enquiry.
In addition, the conduct of systematic reviews will commonly require considerably more time,
resources, skills and collaboration than that of narrative reviews, as demonstrated by a
comparison of their main features (Table 1.1).

Table 1.1 - Systematic reviews and traditional narrative reviews compared (adapted from Cook et al, 1997 and
Petticrew, 2001).
Feature

Systematic review

Narrative review

(Question

Often clear and focused question
or hypothesis to be tested

Often general/broad in scope
with no stated hypothesis

Search

Strive to locate all relevant published
and unpublished studies to limit impact
o f publication and otlier biases

Not usually specified and
potentially biased

Selection

Explicit description of inclusion criteria
to limit selection bias

Not usually specified and
potentially biased

Appraisal

Examine systematically the metliods
used in primary studies, and investigate
potential biases in those studies

Often do not consider differences
in study methods/quality

Data extraction

Duplicate data extraction in pre-tested
forms. Strive to obtain relevant published
and unpublished data

Often not an objective and
reproducible process

Synthesis

Systematic qualitative summary
o f the evidence and often quantitative
summary, if appropriate

Often a qualitative summary

Inferences

Usually evidence-based

Sometimes evidence-based

In this way, a systematic review is a piece of research carried out to identify, appraise,
synthesize “and communicate the results and implications of otherwise unmanageable
quantities of research” (CRD Report 4, 1996a). If a review does not clearly describe all the
stages of the review process, it cannot be considered a systematic review (Fig. 1.1).

10

Clearly stated objectives and eligibility criteria

C om prehensive search strategy to identify eligible studies

Objective application of eligibility criteria and justification for exclusion
of each study

C lear presentation o f characteristics o f each study included and assessm ent o f
m ethodological quality

Assembling of the most complete data set feasible with involvement of
investigators, if possible
Analysis of the results of included studies using statistical synthesis of
data (meta-analysis), if appropriate and possible

F urther analysis to investigate heterogeneity and bias, if appropriate and possible

Structured report o f the review

Fig 1.1 - Key characteristics (or s ta g e s ) o f a sy stem a tic review (adapted from the C U B Training
G uide 1993).

An alternative term for systematic reviews, which is sometimes used, is ‘overview’. This is less
specific, as it can be used to refer to narrative reviews (Oxman et al, 1994), and has been used
to refer to individual patient data reviews that combined the raw results derived exclusively
from randomized trials (Peto, 1987; Peto et al, 1995). Other alternative terms frequently used
concurrently such as ‘research synthesis’ or ‘integrative review’ imply a broader definition for
systematic reviews, as the principle of quantitative compilation of research results may actually
be implicit on them. This is the case in the definition provided by Cooper and Hedges (1994) in
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the ‘Handbook of Research Synthesis’. There, a systematic review is broadly defined as a
fundamental scientific activity which attempts to integrate findings of empirical studies, the
conjunction of a particular primary focus and goal, for the purposes of creating generalisations
(which also involves seeking the limits and modifiers of generalisations), discovering the
consistencies or inconsistencies of findings and accounting for the variability in similarappearing studies. Expanding on this definition, the authors point out that with the perspective
of seeking initially to provide neutral representation and the intention to be exhaustive in the
coverage of the research base, “integrative research reviews also almost always
(a) pay attention to relevant theories,
(b) critically analyse the research they cover,
(c) try to resolve conflicts in the literature,
(d) and attempt to identify central issues for future research” (Cooper and Hedges, 1994, p. 5).

A systematic review in which statistical techniques are employed to pool results from a set of
studies is frequently also called a ‘meta-analysis’. However, this term actually describes a
possible component of systematic reviews, albeit a particularly important one, as many
systematic reviews include a meta-analysis. The classical definition for meta-analysis was given
nearly thirty years ago, by the psychologist G.V. Glass (1976), who coined the term to refer to
“the statistical analysis of a large collection of analysis results from individual studies for the
purposes of integrating the findings”. Glass sought to distinguish meta-analysis from primary
analysis - the original analysis of data from a research study - and secondary analysis - the
reanalysis of the original data from either a different perspective or with different techniques to
answer new research questions (Glass, 1976).

A meta-analysis, however, allows for extensions beyond the calculation of a combined effect
estimate, such as the formal assessment of factors that may affect treatment effects. Moreover,
because this quantitative technique can range from analysis which draws upon the summary
statistics of a number of published studies alone to that based on raw individual patient data
provided by the authors of published or unpublished studies, the acronym IPD MA is being used
to denote the meta-analysis using raw individual data. In all instances, the principal argument in
favour of the term ‘meta-analysis’ is its inherent suggestion of the involvement of numbers or
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statistics.

Thus, although expressions such as ‘overview’, ‘research synthesis’, ‘integrative review’ and
‘meta-analysis’ have been used interchangeably to refer to systematic reviews, the term ‘meta
analysis’ will be reserved in the present dissertation to describe specifically the use of statistical
techniques to summarise the results of studies into a pooled estimate and to quantitatively
identify and explore variations in the results of the studies, and not to the entire enterprise of
research synthesis involving clearly defined methods to review a body of data. This will be
referred to as a systematic review. Distinguishing between the two terms contributes to
methodological clarity and minimises the tendency to place an inappropriately small emphasis
on aspects other than the statistical analysis in systematic reviews, as they do not automatically
involve quantitative synthesis.

This convention has now been adopted more widely. As pointed out by Chalmers (2001a) in his
foreword to the second edition of the book ‘Systematic Reviews in Health Care; Meta-Analysis
in Context’, “current discussions about ways of reducing biases and imprecision in reviews of
research must not be allowed to be held hostage by ambiguous use of the term ‘meta-analysis’”.

1.2.2 - Evolution and current status

The science of systematic reviewing is relatively young and is still developing. The concept of
integration of scientific knowledge is not new however, and the need to synthesize research
evidence has been recognised for well over two centuries. Explicit methods for this form of
research were not developed until the 20^ century, when the development of methods to reduce
statistical imprecision using quantitative synthesis preceded the development of methods to
reduce biases, the later only beginning to receive proper attention over recent decades (Chalmers
et al, 2002).

Wider recognition of the science of research synthesis within academia and acknowledgement
of the key role of reviews in summarising and disseminating the results of prior research to
inform practice and policy has prompted considerations on their quality and on the deficiencies
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in the existing strategies for research integration. This has also provided mechanisms to ‘force’
the necessary improvements in the conduct and reporting of primary research.

1.2.2.1 - Early developments

Several early conceptualisations of the systematic review as a research process in its own
right occurred in the early 1970s in the social sciences, independently of the developments
for meta-analysis (Cooper and Hedges, 1994). Light and Smith (1971) highlighted some of the
pitfalls of the traditional approach and argued that if treated properly, the variations in results
among related studies could be a valuable source of information, rather than a source of
consternation, which it appeared to be when treated with traditional reviewing methods.

During the 1970s and early 1980s, the body of evidence identifying the biases and random
errors which can compromise the validity of reviews and drawing attention to the systematic
steps needed to minimise them was generated largely by researchers in psychology and
education, who popularised meta-analysis and further developed the statistical methodology
for its application (Glass, 1976; Rosenthal, 1979; Cooper, 1982; Light and Pillemer, 1984;
Hedges and Olkin, 1985).

Systematic reviews employing meta-analysis were however rare in health care sciences until the
second half of the 1980s, when considerable attention began to be devoted to their application in
clinical trial research (Yusuf et al, 1987; L’Abbe et al, 1987; Sacks et al 1987; Bulpitt, 1988;
O’Rourke and Detsky, 1989) and to the poor scientific quality and trustworthiness of health care
review articles (Mulrow, 1987; Oxman and Guyatt, 1988).

In particular, attention was drawn to the fact that scientific principles are usually abandoned
when moving from ‘primary’ research, such as properly conducted randomized controlled trials,
to integrative research, the process of reviewing that research, a double standard shown to be
manifest in some of the world’s leading medical journals (Mulrow, 1987). In a systematic
assessment of 50 reviews published in four major American medical journals in 1985 and 1986,
Mulrow (1987) found out that none of the reviews met all of eight criteria for scientifically
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sound summaries of evidence, and most distressingly, “only one had clearly specified methods
of identifying, selecting, and validating included information”.

This double standard which still operates in the biomedical field, where the style of the vast
majority of reviews tends to be largely narrative, is no exception in dentistry. Systematic
reviews of randomized controlled trials are only recently beginning to proliferate in dentistry
despite the fact that thousands of RCTs of oral health care interventions have been published in
the past five decades, and reviews employing meta-analyses of controlled trials of caries
preventive measures started to appear in the mid 1980s (Stamm et al, 1984; Clark et al, 1985),
coinciding with the growth in their availability in medicine.

By the late 1980s, as a result of the progress in adopting scientific methods of research
synthesis in medicine, international collaboration had led to the completion of landmark
systematic review projects in pregnancy and childbirth (Chalmers et al, 1989) and in cancer
and cardiovascular disease (Antiplatelet Trialists' Collaboration, 1988; Early Breast Cancer
Trialists’ Collaborative Group, 1988). The latter endeavours, which involved collaborative
reanalyses of individual patient data derived from almost all relevant randomized trials,
became yardsticks against which the scientific quality of other systematic reviews in the field
of health care would be judged.

In the early 1990s, the practical importance of improving the scientific quality of reviews
was given great impetus by a study conducted by Antman and collaborators (1992) which
compared textbook advice on the treatment for myocardial infarction with results of
systematic reviews of relevant RCTs, and showed that valid advice on some lifesaving
treatments had been delayed for more than a decade, and other forms of care had been
promoted long after they had been shown to be harmful.

1.2.2.2 - Recent developments

Over the last decade, recognition of the importance of systematic reviews in the
accumulation and dissemination of knowledge about the effects of health care in all
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specialties grew rapidly, and continues to grow. Guides have been created (and updated) to
aid in the conduct (Mulrow and Oxman, 1994; CRD Report 4, 1996a), reporting and critical
appraisal (Oxman et al, 1994; Cook et al; 1995; Moher et al, 1999; Stroup et al, 2000) of
reviews, and numerous articles have been produced about systematic reviewing methods and
empirical studies of these methods (CMR, 2002). This is not least because of the work of The
Cochrane Collaboration (www.cochrane.org), the primary purpose of which is to generate
and make accessible high-quality systematic reviews of health care interventions in all areas
of health care, in an international collaborative effort (Clarke and Langhome, 2001).

The appreciable methodological developments that have arisen from the recent, intense
activity in reviews of health care interventions have not only facilitated understanding of
systematic reviews in the context of the full scientific research process but also prompted
their consideration as original research by journal editors and within the academic
community (Egger et al, 2002). In addition, common myths and misconceptions about the
methods and utility of systematic reviews have been exposed (Petticrew, 2001), in order to
dispel criticism aimed at them from those still doubtful about their wider role.

There have also been important initiatives to facilitate the identification of published and
unpublished trials and to improve the quality of reporting of trials, in order to reduce
imprecision and biases when these are located and included in systematic reviews. A major
development for trial finding is The Cochrane Central Register o f Controlled Trials
(CENTRAL), which regularly incorporates records of reports of trials identified through
handsearching of thousands of journals and other sources around the world (Lefebvre and
Clarke, 2001). Another important development that should improve the reporting of clinical
trials is the adoption of the CONSORT (Consolidated Standards of Reporting Trials) guidelines
(Begg et al, 1996; Moher et al, 2001) by an increasing number of biomedical journals,
including dental journals. These and various other recent developments in turn can further
enhance the role of systematic reviews of controlled trials in helping clinicians, dentists,
patients, policy makers and researchers answer relevant questions about the effects of health
care interventions.
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1.2.3 - Availability, production and dissemination

The number o f systematic reviews that can be found nowadays in biomedical journals,
including dental journals, is a reflection of their increased importance. Indeed, a considerable
increase in the availability o f systematic reviews has occurred since the late 1980s, when
Sacks and colleagues (1987) could find less than one hundred reports o f meta-analysis of
randomized controlled trials in the English-language literature. The number of systematic
reviews published annually increased greatly in the years that followed. A search of
MEDLINE (an electronic bibliographic database which covers all areas o f medicine, nursery,
dentistry, and basic clinical sciences) for the text word ‘meta-analysis’ to assess the growth
in the publication o f systematic reviews employing meta-analytical methods and interest in
quantitative methods o f research synthesis, indicates that the increase has been substantial
over the past twenty years in health care, with hundreds of such publications being produced
each year since the late 1980s (Fig. 1.2).

aaaa

Fig 1.2 - N um ber of publications of/about system atic review s using m eta-analysis, published in
ea c h tw o-years period (non-cum ulative), 1 9 8 3 -2 0 0 2 (results from a MEDLINE search using the
text word ‘m eta-an alysis’, limited to the d a te s of publication ab ove).
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When the same electronic search strategy is restricted to the dental subset alone in MEDLINE,
a modest pattern of increase in dentistry is shown (Fig. 1.3).
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Fig 1.3 - Num ber of publications of/about system atic review s using m eta-analysis, published in
ea ch tw o-years period (non-cum ulative), in the dental su b se t of MEDLINE. 1 983-2002 (results
from a MEDLINE search using the text word ‘m eta-an alysis’ limited to the dental su b set and to
the d a te s of publication above).

The first publications in the dental literature lagged behind, only starting to appear when the
burst of growth in health care as a whole was well under way in the late 1980s and early 1990s.
Nevertheless, the publication rate has risen since the mid 1990s, and it is envisaged that it will
continue to rise as the support for systematic reviews from those who are trying to assemble
existing evidence to make more effective use of limited resources increases in the dental field.
With this regard, two organisations are playing a major role. The NHS Centre for Reviews and
Dissemination at the University of York, in Britain, established to locate and disseminate the
results of good quality existing reviews, and to prepare, commission and disseminate
systematic reviews in areas of priority to the NHS in the United Kingdom; and, at an
international level. The Cochrane Collaboration (with the evolving Cochrane Oral Health
Group) (Tavender and Glenny, 2003), established to prepare, maintain and promote the
accessibility to systematic reviews on the effects of all forms of health care.

In fact, many, if not the majority of, existing systematic reviews in dentistry should be found in
specialised databases maintained by these two organisations, and available in The Cochrane
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Library. This electronic source of reliable and continuously updated information includes,
among several databases, a database with all full text Cochrane reviews, the Cochrane Database
o f Systematic Reviews {CDSR), and a database with structured abstracts of systematic reviews
published elsewhere and critically appraised by the NHS Centre for Reviews and
Dissemination, ih t Database o f Abstracts o f Reviews o f Effects {DAREL). DARE is also available
through the NHS Centre for Reviews and Dissemination homepage at www. vork.ac.uk/Inst/crd.
Since 2000, Cochrane reviews are indexed in MEDLINE. Structured abstracts that convey
essential information in a standardised format are included in the MEDLINE file without
modification, and this has made it easier to identify these maintained systematic reviews and to
keep track of them; whenever a Cochrane review is updated substantively a record for the new
version is added to MEDLINE with a reference to the earlier record (Clarke and Oxman, 1999).
Free

online

access

to

MEDLINE

is

available

through

PubMed

at

http://www.ncbi.nlm.nih.gov/PubMed/.

In addition, recent initiatives have made the full text of all Cochrane reviews available free of
charge to an increasing number of countries where access to The Cochrane Library online is
provided to everybody (national provision): Australia, England, Wales, Ireland, Finland and
Norway (http://www.update-software.com/cochrane/provisions.htm; accessed on January 11,
2003). In South Africa, free access to The Cochrane Library is available for registered members
of SA Healthlnfo. In Brazil, BIREME provides online access to The Cochrane Library through
the BIREME interface (in English, Spanish or Portuguese) free of charge, upon registration, and
this has now been extended to all countries in Latin and Central America and the Caribbean.
Through a partnership led by WHO, free online access to The Cochrane Library is also
provided

for

at

least

100

low-income

countries

(http ://www. update-

software.com/cochrane/LowIncome.htm; accessed on January 11, 2003). People elsewhere can
access The Cochrane Library, through subscriptions to the CD-ROMs or online version from
subscription

agents

and

software.com/cochrane/order.htm,

3rd-party

publishers

(http ://www.update-

http://www.wileyeurope.eom/WileyCDA/Section/id-

101093.html).

I.2.3.I. - The Cochrane Collaboration
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Much of the impetus for the increasing accessibility and adoption of sound reviewing
strategies has arrived due to the work of The Cochrane Collaboration, which has
accompanied the increasing influence of the evidence-based approach in general and oral
health care. Since 1993, this worldwide initiative has sought to help people make wellinformed decisions about health care through the preparation and maintenance of up-to-date
systematic reviews of health care interventions. Its main focus is on systematic reviews of
RCTs but this does not imply that information from other study designs is ignored within the
Collaboration, but rather that in order to achieve a stable state in respect of its primary
objectives, a choice had to be made as to the best type of research evidence about
effectiveness to cover first (Chalmers et al, 1997).

This international network of clinicians, epidemiologists, and other health professionals
(including those from oral health), researchers and consumers was named after Archie
Cochrane, a British epidemiologist pioneer in the field of evaluation of medical interventions. In
‘Effectiveness and Efficiency’, his influential book published in 1972 he drew attention to the
collective ignorance about the effects of health care, made a strong case for the evaluation of
new and existing forms of care in controlled trials (especially in the usual case when the effects
of care are not dramatic, but nevertheless important), and explained how evidence from such
trials could help in a more rational use of resources (Cochrane, 1972).

The Cochrane Collaboration has evolved in response to Cochrane’s criticism of the health
professions, for not having organised systematic, periodically updated reviews, by specialty or
subspecialty, of all relevant randomized controlled trials (Cochrane, 1979; Clarke and
Langhome, 2001). Since the establishment of the first Cochrane Centre in Oxford, UK, in
October 1992 (Chalmers et al, 1992), this initiative has been growing rapidly, with the
foundation o f 11 further centres in Europe (5), North America (2), Australasia (1), Brazil (1),
South Africa (1) and China (1), and over nine thousand individuals from over 80 countries
collaborating in review groups. Cochrane centres and collaborative review groups (CRGs) are
the two main types of organisational units in The Cochrane Collaboration. In addition, there
are Methods Groups, with expertise in relevant areas of methodology; Fields or Networks,
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with broad areas of coverage spanning the scope of many review groups; and a consumer
Network helping to promote the interest of users of health care (Clarke, personal
communication).

The activities of Cochrane centres tend to reflect the interests of individuals associated with
them and the resources made available to them. The Cochrane centres throughout the world
share the responsibility for helping to co-ordinate and support the work of The Cochrane
Collaboration in various aspects. Collaborative review groups focus on particular health
problems or clinical specialties and subspecialties. Within each of these groups, an editorial
team helps to ensure that relevant controlled trials are identified and that Cochrane reviews
(the principal output of the Collaboration) are prepared and maintained to a high standard.

By mid 2003, 50 collaborative review groups covering various areas of health care had
registered as components of the Collaboration, and over 3000 Cochrane reviews were
available, 1754 of which as full systematic reviews and 1304 as protocols for reviews in
progress {CDSR, 2003). Although several hundred reviews and protocols are added each
year, there are many areas of health care still to be covered by Cochrane reviews, and the
number of reviews needed to do this is likely to be at least 10,000 (Mallett and Clarke, 2003).
Achieving this level of coverage while keeping all reviews up to date is perhaps the biggest
challenge for The Cochrane Collaboration in the years to come (Clarke and Langhome,
2001).

The Cochrane Oral Health Group based in Manchester, UK, since 1998, is one of the specialtybased review groups contributing to this international work across one area of health care. The
scope of systematic reviews within the Cochrane Oral Health Group (COHG) covers all
randomized controlled trials relevant to prevention, treatment, and rehabilitation across the
complete range of oral health care interventions. The group works closely with the Cochrane
Ear, Nose and Throat Group to avoid any duplication of effort. Where RCTs are not appropriate
or possible, rather than unavailable (such as in the area of oral health promotion, for example),
other levels of evidence may be considered for inclusion in a COHG systematic review. As of
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mid 2003, 62 Cochrane reviews were available in oral health, 30 of which as full systematic
reviews and 32 as protocols (CDSR, 2003).

The COHG editorial base maintains a Specialized Register of Trials, which contains thousands
of records of clinical trials relating to oral health in an electronic database. The foundation for its
on-going development is The Cochrane Central Register o f Controlled Trials (CENTRAL),
supplemented by the COHG’s programme of handsearching journals. The register provides a
valuable starting point for reviewers and others searching for controlled trials on oral health
topics (Bickley, 2002)

1.2.3.2 - Preparation, publication and maintenance of Cochrane reviews and others

The preparation and maintenance of Cochrane reviews, which is based on the guidelines
provided in the Cochrane Reviewers’ Handbook (Clarke and Oxman, 2002), is dependent on the
flow of information between a large number of people and places, and The Cochrane
Collaboration has adopted electronic media as a primary means of assembling and
disseminating these reviews. Several tools and systems to help with their preparation and to
facilitate their electronic publication and updating, as well as that of other relevant material have
been developed and are maintained by the Collaboration. These tools and systems make up the
Cochrane Information Management System. This currently covers the review preparation
software (RevMan, with RevMan Analyses as its statistical component), the software used to
compile information in modules for electronic publication (ModMan), a contacts database, and a
comments and criticisms process (Clarke et al, 2002).

All protocols and complete systematic reviews produced by collaborative review groups as
well as information about these review groups, together with information from all the other
entities of the Collaboration (centres, fields, methods working groups, and the consumer
network) are submitted periodically for electronic publication, in full, in The Cochrane
Library (Fig. 4).
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Fig 1.4 - T h e C och ran e C ollaboration's organisational and analytical fram ework for assem b lin g
C o ch ra n e review s electronically in The Cochrane Library.

Besides all reviews prepared by contributors to The Cochrane Collaboration, The Cochrane
Library also includes structured abstracts and references of systematic reviews produced
outside the Collaboration; citations and abstracts of all relevant controlled trials identified as
part of the Collaboration’s international effort to systematically search the world’s health
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care journals published in English and other languages, and other sources; all methodology
reviews prepared by the contributors to the Cochrane Methodology Review Group; as well as
studies on the methodology of evaluating health care and social interventions. This
information is distributed in five key components of The Cochrane Library.
(a) The Cochrane Database o f Systematic Reviews (CDSR).
(b) The Database o f Abstracts o f Reviews o f Effects (DARE).
(c) The Cochrane Central Register o f Controlled Trials (CENTRAL).
(d) The Cochrane Database o f Methodology Reviews (CDMR).
(e) The Cochrane Methodology Register (CMR).

As pointed out before, the highly structured Cochrane reviews in the CDSR, represent a
distillation of the latest evidence in an easily accessible single source and the structured
abstracts of good quality reviews in the DARE, provide critical commentaries which
highlight the factors to take into account when interpreting and using the evidence presented.

Making systematic reviews available in an electronic form has clear advantages over more
traditional methods. In the CDSR for example, the reviews can be updated as new evidence
emerges and mistakes can be corrected in response to comments and criticisms, a special
feature of Cochrane reviews. However, neither the highly structured format nor the medium
through which Cochrane reviews are published in the CDSR will be acceptable to everyone
whose health care decisions could be better informed by access to research knowledge. As a
result, other formats and media are also used to disseminate key messages from Cochrane
reviews and other systematic reviews to professional and lay people, and for evaluating the
impact of these in controlled experiments (Chalmers et al, 1997).

In dentistry, the journals of secondary publication Evidence-Based Dentistry, a supplement of
the British Dental Journal, and Evidence-Based Dental Practice are examples of a strategy to
disseminate systematic reviews in another format. These are similar to other publications in
medicine, such as ACP Journal Club and Evidence-Based Medicine, and present structured
abstracts of good quality published studies which are considered important to oral health care
decision-makers. These studies include systematic reviews on therapy, diagnosis and
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prognosis, chosen and appraised according to explicit methodological criteria.

A

commentary is provided for each study, discussing the appropriate application of the findings
in relevant settings (Lawrence, 1998).

All these new sources of evidence reveal the dearth of reliable evidence to inform choices,
expose gaps in past research, and highlight priorities for new research in dentistry.

1.2.4 - Quality and critical appraisal of systematic reviews

Various assessments carried out in recent years indicate not only that there is considerable
room for improvement in the quality of reports of RCTs, but that this also applies to reports
of systematic reviews of RCTs. As pointed out before, steps have been taken to develop
reliable methods to help improve the quality of reporting of randomized trials in order to
reduce bias when controlled trials are included in systematic reviews (Begg et al, 1996;
Moher et al, 2001). Similar efforts are underway for reports of systematic reviews of
controlled trials (Moher et al, 1999). The CONSORT and QUORUM guidelines for
improving the quality of reports of RCTs and systematic reviews of RCTs respectively can
also be used to critically appraise these types of reports.

Although only a few dental journals have adopted these guidelines as of mid 2003, it is
important that this is done more widely, for as the number of systematic reviews increases in
dentistry we are increasingly seeing reported in their findings that the quality of the primary
research is poor (NHS CRD, 2000; Montenegro et al, 2002; Sjogren and Hailing, 2002).
Similar findings were reported over a decade ago, following the publication of the first
systematic reviews in dentistry, conducted by Antczak-Bouckoms and collaborators (Tulloch
et al, 1989; Antczak-Bouckoms et al, 1990; Antczak-Bouckoms et al, 1993; AntczakBouckoms, 1995).

Moreover, in spite of the relatively small number of systematic reviews currently available in
dentistry, a recent study indicates that their quality can be improved (Glenny et al, 2003).
This assessment of systematic reviews in dentistry highlighted key areas of weakness: the
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search strategies employed, the quality assessment of the studies included, the statistical
analyses, and the interpretation of findings. Clearly, if we are to use systematic reviews of
RCTs to inform practice, policy, and research agendas, more emphasis needs to be placed on
the use of clear guidelines for reporting studies, such as those presented in CONSORT and
QUOROM.

Empirical studies have shown that Cochrane reviews are, on average, more systematic and
less biased than systematic reviews published in high-profile paper journals (Egger et al,
1997; Jadad et al, 1998; Jadad et al, 2000), although they can also contain some problems in
their conduct and reporting (Olsen et al, 2001). Several medical and dental journals are now
eager to publish versions of Cochrane reviews, having recognised the importance of
providing high-quality, up-to-date summaries of evidence to their readers (Clarke, 2002;
Alvares, personal communication).

Nevertheless, regardless of the source of publication, systematic reviews (like all types of
research evidence) require critical appraisal to determine their validity and to establish whether
and how their results will be used in practice (Hunt and McKibbon, 1997). If a review is
systematic, the methods used should be described in sufficient detail to allow the assessment of
its quality and importance. In addition, different systematic reviews on the same topic may
produce conflicting conclusions due to bias. Their critical appraisal may help to clarify why they
may conflict with each other, and to increase confidence in their results, if these are valid.

It should be noted, however, that many of the new information sources described before, which
are being produced to encourage the use of reliable evidence from systematic reviews, make the
tasks of finding and critically appraising the relevant evidence much simpler, by partially
incorporating these steps into their production processes.

1 .2 .5 - Future prospects and challenges

As the science of reviewing research develops and insights, showing how it can be pursued
more effectively and critically, continue to emerge from empirical research, sustained
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complacency about the scientific quality of most of the textbooks and other conventional
narrative reviews upon which health professionals have had to depend for information on
treatment effectiveness in the past will become a clear disadvantage in any area of health care.
Systematic reviews of controlled trials will play an increasing role in the evolution of health
services by providing a strong guide for practice; in the design and reporting of, and
justification for controlled trials; and in the education of health professionals in both general
and oral health care. Such reviews are likely to change some current notions about the effects
of health care, as forms of care believed to be ineffective can be shown to be effective; forms
of care thought to be useftil can be shown to be either useless or even harmful; and the
uncertainty about the effects of many other forms of care can be made explicit.

By undertaking systematic reviews and highlighting the high quality evidence that does - or
does not - exist in a given topic, dentists, policy-makers and patients will be better able to
make well informed decisions, and can cooperate in addressing important questions and in
investigating outcomes that really matter. The increasing availability of systematic reviews in
dentistry, should not only facilitate the further adoption by oral health care professionals of an
evidence-based approach to decision making, but also a more sensible use of limited resources
by dental researchers, who will then be able to propose new research that is the most necessary
and which is designed appropriately.

The Cochrane Collaboration is helping to promote the development of systematic reviews in
all areas of health care at an international level by its commitment to addressing questions of
relevance to people using the health services; by setting explicit standards for reviews and
through continual peer review of its processes to minimise bias; by providing a framework
within which people can collaborate in areas of mutual interest; by helping to mobilise
resources for reviewers; and by providing better means for producing, maintaining and
disseminating high quality systematic reviews (Chalmers and Haynes, 1994; Chalmers et al,
1997). The Cochrane Collaboration’s potential derives, in part, from its openness to
challenge.
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However, the magnitude of the task of systematic reviewing the existing experimental
evidence about the effects of health care and making the findings readily available to people
who need them to take better decisions about their own health care or that of other people,
and about research, should not be underestimated. In oral health, even if the attention is to be
focused on RCTs alone, thousands of studies conducted during the second half of the 20^
century may need to be considered. Moreover, the demand for systematic reviews still vastly
exceeds the capacity of those who are prepared to commit themselves to preparing and
maintaining reviews of an acceptable scientific standard. Although a growing number of
contributors are already collaborating in the Cochrane Oral Health Group and getting to grips
with Cochrane’s daunting agenda, it is likely that it will take many years for a stable state to
be reached of prompt incorporation of new primary research into an existing body of
systematic reviews of previous research on the effects of health care interventions (Clarke
and Langhome, 2001).

Meanwhile, individual studies of research evidence will continue to be used as a single
source of evidence about effectiveness until systematic reviews or further integrative studies
based on them have been conducted, because they are still more likely to be the only source
of scientific evidence available in most areas of health care. At the same time, when the
relation between ‘new’ and ‘old facts’ is assessed in the Discussion sections of reports of
trials, it is still rare for the new results to be set in the context of existing evidence (Clarke et
al, 2002a). However, unless new trials are placed in the context of available systematic
reviews of relevant earlier research, they exist as islands of information, and not as a
continuum in the process of research integration (Clarke and Chalmers, 1998). In
acknowledgement of the cumulative nature of scientific evidence, some journals (such as the
BMJ) have started to publish a summary of what is already known on an addressed topic with
each report of new research, along with details of what the new study has added, but more
developments are expected with the increasing realisation that research findings should not
be interpreted in isolation.

Finally, as Archie Cochrane made clear in ‘Effectiveness and Efficiency’ (Cochrane, 1972),
reliable evidence on the effects of specific elements of health care, although essential, is only
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part of what is needed for improving decisions about health care and further research. Starting
with issues surrounding the interpretation and applicability of results, systematic reviews
should show what the data are in ways that cater for the different perspectives of the people
who will use them - including service providers, service users, purchasers, researchers and
funders. The interpretations of the data will usually differ between these various perspectives,
depending on the perceived needs, the availability of resources, and priorities. As a
consequence, effective mechanisms are required to applying the results from systematic
reviews efficiently. By selecting implementation strategies which have been shown to be
useful by well-controlled research, the likelihood of people benefiting from evidence derived
from systematic reviews will be greater.

1.3 - Topical fluoride therapy for caries prevention

Dental caries is a highly prevalent chronic disease afflicting a significant proportion of the
world population (Burt, 1998). Its peak activity occurs during childhood and may extend into
and beyond adolescence with a slow increase in the number of caries/fillings with age. The
condition is the major cause of tooth loss at all ages, and poses important and uncomfortable
problems in all industrialised societies and in a large number of developing countries. If
untreated, dental caries causes progressive destruction of the crowns of the teeth, often
accompanied by severe pain and suffering. The repair and replacement of carious teeth is
excessively time consuming and costly, representing a major drain of resources for health
care systems. On a population basis dental caries is the most expensive human disease to
treat in terms of direct costs (Sheiham, 2001).

Fluoride therapy has been the cornerstone of caries-preventive strategies since the
introduction of water fluoridation schemes over five decades ago (Murray et al, 1991). The
ability of fluoride to control the initiation and progression of dental caries is well known.
Intensive laboratory and epidemiological research on the mechanism of action of fluoride in
preventing caries indicates that fluoride's predominant effect is topical, which occurs mainly
through promotion of demineralisation of early caries lesions and by reducing sound tooth
enamel demineralisation (Featherstone and ten Cate, 1988; Featherstone, 1999).
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Various modalities of fluoride use have been developed and tested in clinical trials over the
past five decades, each with its own recommended concentrations, frequencies and dosage
schedules. The use of topically applied fluorides in particular, which are much more
concentrated than the fluoride in drinking water, has increased over recent decades, and
fluoride containing toothpastes (dentifrices), mouthrinses, gels and varnishes are the
modalities most widely used at present, either alone or in different combinations. By
definition, the term 'topically applied fluoride' describes 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 various topical fluoride modalities can either be applied by professionals or self applied
at home or in other settings. Products designed for professional use generally have higher
concentrations and are used at less frequent intervals than those designed for self-application.
Fluoride gels and varnishes are typical methods of professional application and both delivery
systems have been used in school-based programmes. Fluoride gels have also been used as a
self applied intervention in such programmes. Fluoride mouthrinses and toothpastes are the
main forms of self applied fluoride therapy. The intensive use of fluoride mouthrinsing in
school programmes has been discontinued in many developed countries because of doubts
regarding its cost-effectiveness at a low prevalence of dental caries, and are being replaced
by selective fluoride therapy directed to high risk children. Such procedures usually involve
the combined use of fluoride toothpastes with gels or varnishes. Toothpastes are by far the
most widespread form of fluoride usage (Murray et al, 1991a; Ripa, 1991), and the decline
in the prevalence of dental caries in developed countries in the last decades has been mainly
attributed to their increased use (Glass, 1982; Rolla et al 1991; Marthaler et al, 1994; O'
Mullane, 1995; Marthaler et al, 1996).

However, there is currently a debate regarding the appropriate use of fluorides. The questions
being asked relate mainly to the actual effectiveness and the potential risks (especially in
terms of fluorosis) that may be expected from the various fluoride-based caries preventive
measures in an era of decreased caries prevalence and widespread availability of fluoride
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from multiple sources (Ripa, 1991). In this context, even the need for selective professional
fluoride applications has been questioned (Seppa et al, 1998). This is particularly important
as nearly all child populations are exposed to some source of fluoride, and adverse effects
may be rare (such as acute fluoride toxicity) or more subtle (such as mild dental fluorosis).
The persistence of this debate and the variations in the use of the main forms of topically
applied fluorides suggest the need to search for meaningful ways to summarise the empirical
findings on this topic systematically.

If topical fluorides remain effective it will then become relevant to assess which form is best
by comparing the various treatments currently used, since no consensus on which one, if any,
is the most effective can be found in the literature. In addition, it will be important to reliably
assess how much extra benefits topical fluoride treatments used in combinations may actually
have, and whether the likely benefits are worth the effort, considering potential negative
effects and acceptability. For example, the unanswered question today, of how much extra
benefit comes from a professionally-applied fluoride or a fluoride rinsing programme on top
of that provided from the regular use of fluoride toothpaste is of obvious importance and
needs to be investigated formally.

Hundreds of reports of randomized trials published since 1940s have helped to bring about a
situation in which the effectiveness of topical fluorides in preventing caries has been widely
recognised. Yet, systematic reviews of the body of evidence available on the effects of
topical fluorides are lacking. These are clearly required in order to answer the relevant
questions in a reliable, objective and consistent way.

1.3.1 - Caries prevention and the changed prevalence, severity and distribution of
dental caries

The use of fluoride in a variety of ways is usually the centrepiece of caries preventive
strategies, among other crucially important measures such as the control of sugar
consumption, which involves behavioural changes and the implementation of food policies,
the use of fissure sealants, and improved oral hygiene. These strategies are complementary
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and their use in combination has the potential of virtually eliminating dental caries in
children. From a public health perspective, it is important that caries prevention strategies
and policies are constantly and critically examined in the light of changes in the prevalence,
severity and distribution of dental caries in order to establish a rational basis for caries
prevention.

As pointed out before, the prevalence and severity of dental caries in child populations in
most industrialised countries have decreased substantially in the past two decades, reaching
averages as low as 1.1 decayed, missing and filled teeth (DMFT) in 12 year olds, nearly half
of whom have no tooth decay or fillings (Marthaler et al, 1996). Although the reasons for
this large-scale decline in caries continue to be debated, most authorities attribute it to the
various uses of fluoride, particularly fluoride in toothpaste (Brathall et al, 1996). However,
this largely preventable disease is still common, increases significantly with age (even where
millions of people are exposed to fluoridated toothpaste), and remains a public health
problem for a considerable proportion of the world population. In the United Kingdom, 30%
of 3.5 to 4.5 year olds (Moynihan and Holt, 1996), and 50% of 12 year olds (Downer, 1995)
had experienced caries in 1993. In 2000, the figures were 40% for 5 year olds in Great
Britain (Pitts et al, 2001) and 38% for 12 year olds in England and Wales (Pitts et al, 2002).
These findings demonstrate the continuing need for effective caries preventive strategies and
treatment services for these age groups in a country that has experienced a substantial caries
decline.

At low levels o f caries prevalence and severity, the majority of caries lesions are
concentrated in a minority of children. This polarised distribution is seen in many countries
where overall caries experience is low. However, it has been demonstrated that as the
average DMF scores increase beyond DMFT of 1 with age, for any age group, the
development of new caries lesions is not confined to the group who would be defined as
‘high risk’ (that is, the caries susceptible minority) (Batchelor, 1998). A high proportion of
new caries occurs in the group defined as ‘low risk’, in spite of the average lower caries
increment in this group at an initial low DMF score; and any changes in caries levels are
distributed throughout the population. Thus, although the distribution of caries within
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populations is skewed to the left (most children have few/no caries lesions and relatively few
children have high levels of caries), both the caries susceptible minority and the majority
with low levels o f caries develop new caries (Batchelor, 1998). This challenges the
fi-equently stated concept that there is either a subgroup of the population that is at either
‘high- or low-risk’ of developing dental caries, and highlights the fact that an approach for
caries prevention limited to the small proportion of individuals at ‘high risk’ may fail to deal
with the majority of the new caries (Batchelor and Sheiham, 2002).

As with other chronic diseases, prevention ideally should stop or delay progression of caries
for long enough for the severe manifestations of the condition not to manifest. The majority
of approximal caries lesions in children’s permanent teeth progress slowly, with an average
lesion taking at least 3 years to progress through enamel to dentine. In addition, differing
types of surfaces of the teeth are affected as the severity of caries increases. At levels of
DMFS below 10, the main parts of the teeth attacked are the pits and fissures. As the caries
attack increases, the disease extends to involve the approximal and smooth surfaces. Thus,
caries prevalence increases with increasing age and so does the extension of the disease to
more surfaces (Sheiham, 2001). Conversely, it has been demonstrated that as overall caries
experience declines in populations, it does so first in the least susceptible surfaces (that is,
approximal and smooth surfaces) and last in the most susceptible surfaces (pits and fissures
on first and second molars) (McDonald and Sheiham, 1992; Sheiham, 1998).

Thus, with the decline in caries prevalence and severity in child populations, and its changed
distribution within the population, the rate of progression of carious lesions through enamel
and dentin has slowed (Pitts and Renson, 1987; Ekanaiake and Sheiham, 1987), and the
distribution of caries among affected tooth surfaces has also changed (Ripa, 1991). The
greatest change in prevalence has occurred in approximal tooth surfaces resulting in many
children having caries confined to the pit and fissured surfaces of first molars. Approximal
lesions have become a much smaller proportion of the total caries burden. While the clinical
significance of a decrease in the rate of lesion progression is to extend the period of peak
caries activity into late adolescence, and to allow longer intervals between screening and
dental check-ups, the changing pattern of intraoral distribution of the disease has direct
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implications for the appropriate choice of caries preventive measures since it may determine
which preventive procedure or combinations of procedures will be more effective, safe and
cost-effective.

1.3.2 - The caries protective effect of fluoride

General strategies for the prevention of dental caries may be divided into two categories with
regard to their mechanism of action: decreasing the carious attack and increasing the
resistance of the tooth surfaces. The first category essentially involves measures to reduce the
cariogenicity of the diet (control of sugar consumption), and to control dental plaque (oral
hygiene and use of antimicrobial agents). Increasing the resistance of the tooth surface to
carious attack involves the use of pit-and-fissure sealants and fluoride.

Fluoride concentrated in plaque and saliva inhibits the demineralization of sound enamel and
enhances the remineralization of demineralized enamel (Koulourides, 1990; Featherstone,
1999). The view on the mechanism by which fluoride exercises its cariostatic action has
changed from that of being a systemic pre-eruptive effect, with a partial substitution of
fluoride into apatite during tooth enamel formation, to a post-eruptive direct effect of fluoride
in the saliva/plaque/tooth surface interfaces. It is now well accepted that the primary cariesprotective effects of fluoride occur through promoting remineralization of early caries lesions
and by reducing tooth enamel demineralization, topically, during and after tooth eruption
(Thylstrup, 1990). On the other hand, the level of fluoride incorporated into dental mineral
during tooth formation by systemic ingestion is insufficient to play a significant role in caries
prevention (Featherstone, 1999). Thus, any pre-eruptive benefit from ingestion of fluoride
during tooth development is relatively unimportant.

Dental caries occurs when cariogenic bacteria in dental plaque metabolize a substrate from
the diet (sugars and other fermentable carbohydrates) and the acid produced as a metabolic
by-product demineralizes the adjacent enamel surface. Demineralization involves the loss of
calcium, phosphate, and carbonate. These minerals can be captured by surrounding plaque
and be available for reuptake by the enamel surface. Fluoride, when present in the mouth, is
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also retained and concentrated in plaque. Saliva is capable of depositing mineral in porous
enamel areas demineralized by the acids (remineralization). The deposit of impure
hydroxyapaptite crystallites is an important protective property of human saliva. Saliva is
always supersaturated with calcium as well as phosphate at pH 7. If a porous lesion is formed
in enamel, repair by remineralization always takes place. However, remineralization is a slow
process and has to compete with factors causing demineralization. If the remineralization
process can effectively compete, repair of the enamel takes place. On the other hand, if the
challenge is too great, it is below the critical pH, and demineralization dominates, porosity of
enamel increases with lesion progression until finally a carious cavity forms (Arends and ten
Bosch, 1985). The rate of demineralization is affected by the concentration of hydrogen ions
(pH) at the tooth surface and the length of time, which is related to the frequency that the pH
of the plaque is reduced below the critical pH (Arens, 1998). Cycles of demineralization and
remineralization continue throughout the lifetime of the tooth.

Sugars, particularly sucrose, are the most important dietary aetiological cause of caries, and
fluoride is the main factor altering the resistance of teeth to acid attack. Fluoride reduces
caries in several ways. As cariogenic bacteria metabolize carbohydrates and produce acid,
fluoride is released from dental plaque in response to lowered pH at the tooth-plaque
interface. The released fluoride and the fluoride present in saliva are then taken up, along
with calcium and phosphate, by de-mineralized enamel to establish an improved enamel
crystal structure. This improved structure is more acid resistant and contains more fluoride
and less carbonate (Featherstone, 1999). Fluoride is more readily taken up by demineralized
enamel than by sound enamel (White and Nancollas, 1990). Fluoride also inhibits dental
caries by affecting the activity of cariogenic bacteria as it concentrates in dental plaque
(Hamilton, 1990). At relatively high concentrations in dental plaque, it inhibits the process by
which bacteria metabolize sugars (acid production) stabilizing the microflora in plaque
during the routine oscillation of sugar concentration and pH change, and, calcium fluoride
(CaF2) is formed on the tooth surface, providing a source of low concentration ambient
fluoride while gradually dissolved (Hamilton, 1990; Marsh, 1995).

Fluoride in drinking water and in fluoride-containing products reduces tooth decay via these
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mechanisms. Fluoride is usually applied in low concentration and high frequency or high
concentration and low frequency for the prevention of caries. When the impact of the effect
of topical fluoride is considered it is important to make the following distinctions;
(1) The effect of continuous (frequent use) low concentrations of fluoride present in the
remineralizing fluid pertains to drinking water (± 1 ppm F)^, and during the periods in
between toothbrushing or fluoride mouthrinsing.
(2) The effect of high concentrations of fluoride of short duration pertains to topical
applications of fluoride varnishes (7000 or 22,600 ppm F), gels (± 12,300 ppm F),
toothpastes (250 to 2800 ppm F) or mouthrinses (100 to 910 ppm F).

1.3.3 - Adverse effects of fluoride

There has been growing concern about the increasing problem of dental fluorosis, a defect of
the tooth enamel caused by fluoride's interference with the growing tooth, which results in a
range of visually detectable changes in enamel opacity. In the severe form, the compromised
enamel might break away, resulting in excessive wear of the teeth. Although most enamel
fluorosis seen today is of the mildest form (Horowtiz, 1999), severe dental fluorosis can be a
public health problem in communities with naturally high levels of fluoride in the drinking
water or households with well water.

Cosmetically objectionable enamel fluorosis can occur when young children ingest excessive
amounts of fluoride, from any source, while tooth enamel is forming (up to age 6). Its
occurrence appears to be most strongly associated with the total cumulative fluoride intake
during the period of enamel development, but the condition’s severity depends on the dose,
duration, and timing of fluoride intake. 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). The transition and early maturation stages of enamel
development appear to be most susceptible to the effects of fluoride (DenBesten and

^ In measuring fluoride concenlralions in drinking water, part per million (ppm) is exactly
equal to mg-L; mg'L refers to a measurement o f liquid that has a specific gravity o f 1. For
materials that do not ha\>e a specific gravity o f I (like toothpaste) mg/kg equals ppm. Thus,
the standardfluoridated toothpaste has a concentration o f 1000 mg kg o f fluoride.
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Thariani, 1992); these stages occur at varying times for different tooth types. For central
incisors of the upper jaw, for example, the most sensitive period is estimated at age 15 to 30
months (Evans and Darvell, 1995).

There is a clear dose-response relationship between water fluoride level and the prevalence of
fluorosis. Results from the NHS Centre for Reviews and Dissemination’s systematic review
of the effects of water fluoridation (NHS CRD, 2000; McDonagh et al, 2000) confirm that
fluorosis appears to occur frequently at fluoride levels typically used in artificial fluoridation
schemes (about 1 ppm F, i.e. 1 mg/L). The proportion of fluorosis that is aesthetically
concerning is lower; the pooled estimate of the prevalence of fluorosis at a water fluoride
concentration of 1.0 ppm was 48% (95% confidence interval 40% to 57%) and for fluorosis
of aesthetic concern 12.5% (95% confidence interval 7.0% to 21.5%). The review also
concludes that the quality of the research is too poor to rule out important adverse effects of
fluoride in addition to the high levels of fluorosis.

With the increase in the availability of fluoride from multiple sources, the total intake of
fluoride has increased for some children, and increases in the prevalence of fluorosis have
been noted in fluoridated as well as low/non-fluoridated communities (Szpunar and Burt,
1987; Ismail et al, 1990; Clark, 1994; Jackson et al, 1995; Pendrys et al, 1996; Holloway and
Ellwood, 1997; Selwitz et al, 1998). Epidemiological surveys in industrialised countries have
shown that main factors associated with the increase in fluorosis in both fluoridated and non
fluoridated communities are dietary fluoride supplements and early use of fluoride toothpaste
(Osuji et al, 1988; Pendrys et al, 1996; Wang et al, 1997; Pendrys and Katz, 1989;
Mascarenhas and Burt, 1998). The need to reduce excessive fluoride intake from all the often
unintended systemic fluoride sources have not only prompted worldwide downward revision
of fluoride supplements dosage regimens but also elimination of fluoride supplements in
some countries recently. The use of small quantities of toothpaste and of low fluoride
toothpaste for young children has also been widely advocated. However, it appears that the
effectiveness of fluoride toothpastes in which concentrations range from 250 to 500 ppm F
has yet to be established.
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Acute toxicity, due to the ingestion by children of large doses of fluoride in products for
topical application, can also be of concern. Information on the toxicity of fluoride in humans
is gathered from recorded cases of deliberate or accidental overdose (Joyston-Bechal and
Kidd, 1994). The ingestion of potentially life-threatening doses by young children depends
on the amount of fluoride ingested and the body-weight of the child. For this reason the
toxicity of fluoride is usually expressed as the amount per kilogram of body weight.

The probable toxic dose (PTD) of fluoride, defined as ‘the minimum dose that could cause
toxic signs and symptoms, including death, and that should trigger immediate therapeutic
intervention and hospitalisation’, is thought to be around 5 mg/kg body weight (Whitford,
1992). A 1 year old child weighs about 10 kg and thus the PTD is approximately 50 mg; for a
child of 5 or 6 weighing approximately 20 kg, the PTD is nearer 100 mg.

The excessive ingestion of fluoride during topical applications is not an uncommon
occurrence (Whitford, 1992), and the greatest health hazard is associated with the use of
12,300 ppm F APF gels. The probable toxic dose of 100 mg of fluoride for a 20 kg (5 to 6
year old) child is contained in only 8 ml volumes of these gels. Approximately 5 ml of gel is
used in a topical application of APF gel in a tray, representing a potential exposure of 61.5
mg of fluoride ion. There is a therefore a significant risk of over exposure which can result in
acute toxicity (Ripa, 1990). On the other hand, fluoride varnishes are considered safe despite
their high fluoride concentration (22,600 ppm F in Duraphat and Durafluor). because the
amount of varnish usually applied to treat one child is only 0.5 ml on average (Ripa, 1990;
Petersson, 1993), which delivers 3-11 mg of fluoride ion, an amount far below the probable
toxic dose. Unlike gels, varnishes need only be applied to vulnerable tooth surfaces and not
to the whole dentition, and their setting time is rapid.

Young children are particularly at risk of ingesting toxic doses of fluoride from a standard
toothpaste tube of 125 g, generally containing 1100 ppm F. 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 et al, 1998).
Accidental swallowing of the usual 10 ml rinse volume of a 0.05% (230 ppm F) NaF solution
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for daily use by a five to 6 year old child will result in ingestion of 2.3 mg of fluoride
(equivalent to the ingestion of twice the optimum level of fluoride in a fluoridated area).
Although this dose is far below the probable toxic dose, this amount would be available in
just 434 ml of the standard daily rinsing solution. Therefore, it is generally recommended that
fluoride toothpaste and mouthrinse should be kept out of the reach of young children.

Furthermore, gels and mouthrinses are not generally recommended for children under 6 years
of age due to the risk of acute fluoride toxicity if gels are swallowed during application, and
the risks of chronic fluoride overexposure if rinsing solutions are swallowed.

1.3.4 - Patterns of use of topical fluorides

The first use of fluoride for caries prevention was in 1945 in the United States and Canada,
when the fluoride concentration was adjusted in the drinking water supplying four
communities. This public health approach followed a long period of epidemiological studies
of the effects of naturally occurring fluoride in drinking water (Burt and Eklund, 1999).
These studies first showed that mottled enamel (fluorosis) was caused by fluoride in drinking
water and later confirmed the association between fluoride water content and caries
reductions. In light of this evidence, major public health programmes around the world were
initiated to raise fluoride levels in drinking water (fluoridation) where it was considered
deficient. Historically, 1 ppm has been taken as the optimal fluoride level, in which the risk
of fluorosis does not outweigh the benefits of dental protection against caries. However, there
has always been scientific controversy over the (positive and negative) effects of water
fluoridation (NHS CRD, 2000; McDonagh et al, 2000).

Due to a slow progress, or opposition, towards fluoridation of water supplies in many countries,
and the view that, where this public health measure has actually been implemented, many
children, particularly those at higher risk of developing caries, could still benefit from nonsystemic methods of preventing dental caries based on the use of fluorides, several other
modalities have been developed and utilised. In particular, consideration has increasingly been
paid to the appropriate use of topical fluoride treatments. Topical fluorides have become the
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most widely adopted strategy for the prevention of dental caries, and the modalities utilised
and recommended most often (whether deliberately adopted at home, or in public health
programmes, or professionally-applied in clinical practice) are in the form of toothpastes,
mouthrinses, gels and varnishes. This thesis focuses on these forms of topical fluoride
intervention.

Various forms of fluoridation strategies have been developed and are currently in use in some
countries, but will not be considered in this thesis. These approaches include fluoridated salt,
fluoridated milk and paediatric fluoride supplements/tablets. As pointed out before, dietary
fluoride supplements were formerly considered a practical alternative for children living in nonfluoridated areas. However, studies conducted since the 1980s indicated that supplements were
a significant risk factor in the development of dental fluorosis due primarily to prescription
errors related to improper dosages. Because the prevalence of fluorosis has been increasing and
the use of other forms of fluoride is widespread, the continued use of fluoride supplements is
being questioned; reduced dosages have been proposed and some countries (such as Belgium)
have started to abolish the use of fluoride supplements.

The home-use of topical fluorides has increased mainly as a consequence of the dominance of
the market by toothpastes containing fluorides. The highly competitive nature of the toothpaste
market has resulted in improvements in dentifrice formulations over the years, and the intensive
promotion of fluoride toothpastes by the oral health care industry has been a major factor in
their increased use. Since the 1980s, nearly all commercially available toothpaste formulations
contain fluoride. 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 (Rolla et al, 1991; Marthaler et al, 1994; O’Mullane, 1995; Marthaler et al, 1996).
The usual concentration of fluoride in toothpastes is 1000/1100 ppm F, but toothpastes with
higher (1500 ppm F or above) and lower than conventional fluoride levels (around 500 ppm
F) are available in many countries.
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The use of mouthrinses was especially widespread in organized school-based programmes in
countries experiencing high caries prevalence in the 1970s and 1980s. Doubts about the
effectiveness of fluoride mouthrinse as a population strategy began in the mid 1980s in view
of the decline in dental caries, and their presumed cost-effectiveness was challenged (Stamm
et al 1984; Disney et al, 1990). The current view is that fluoride mouthrinsing programmes
are only appropriate for high caries groups of children. While supervised, school-based,
weekly rinsing programmes using 900 ppm F solutions remain a popular procedure in the
United States of America in non-fluoridated communities (Horowitz and Ismail, 1996), in
Scandinavia and in several other countries these have been discontinued based on the above
noted caries decline and the almost ubiquitous use of fluoride toothpastes (Seppa, 1989).
Mouthrinses containing 230 ppm F are available commercially for daily home use in many
countries, and mouthrinses containing 100 ppm F are also available for over the counter
(OTC) sales and recommended for twice daily use.

Fluoride gels and varnishes have traditionally been used as professionally-applied methods in
clinical practice, usually at semi-annual intervals, but their use are also reported in large-scale
community programmes in populations experiencing higher caries rates (Murray et al, 1991b;
Olivier et al, 1992; Seppa et al, 1995). Fluoride gels have been the most popular method of
professional application of fluoride in North America (Ripa, 1990), and these are extensively
used in other countries. Although currently recommended only for children with moderate and
high caries levels the cost-effectiveness of fluoride gels has been questioned even for these
populations (van Rijkom et al, 1998). Fluoride gels can also be self applied under
supervision. In general, operator-applied fluoride gels use trays and self applied gels use
either a tray or a toothbrush. Typically, acidulated phosphate fluoride (APF) gels in the
concentration of 12,300 ppm F are professionally-applied twice a year. Fluoride varnishes
have been extensively used in Europe, Scandinavia and Canada and their use in other
countries, such as the United States of America, seems to be increasing in recent years
(WHO, 1994; Bawden, 1998; Kallestal et al, 1999; Beltran-Aguilar et al, 2000). The use of
fluoride varnishes is considered appropriate for at-risk tooth-surfaces in caries susceptible
individuals and for moderate and high caries prevalence child populations (Petersson et al,
1997). Although different formulations of fluoride varnishes are available commercially, the
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two main preparations (Duraphat and Fluor Protector) contain fluoride in concentration of
22,600 ppm F and 7000 ppm F respectively. Varnishes are usually applied at the frequency
of two to four times a year.

Variations in the patterns of use from country to country and within a country, and from practice
to practice thus exist for all types of fluoride-based measures. One important, if not the most
important determinant of variations in preventive practice in relation to topical fluorides is the
uncertainty that exists among those who make decisions in oral health care about the
effectiveness and safety of the main treatments.

1.3.5 - Evaluation of the effectiveness of topical fluorides

The experimental research which created the basis for the widespread use of fluoride in the form
of toothpastes, mouthrinses, gels and varnishes have been extensively discussed by others, and
important issues relevant to the assessment of the effectiveness of topical fluorides have been
explored.

It has frequently been pointed out that, with the decline in caries prevalence in many developed
countries, an overall decrease in the effectiveness of fluoride therapy in preventing caries has
occurred. Naturally, the reduction in caries increment brought about through fluoride usage
would be expected to translate into benefits most readily among individuals at particularly high
risk of caries, who experience high disease levels. In line with this expectation, the caries
increment outcome of topical fluoride therapy has been found to be actually more favourable in
early clinical trials recruiting participants with high pre-existing caries levels than in recent trials
largely involving participants with low or even without the disease (Glass et al, 1983;
Mainwaring et al, 1983; Burchell et al, 1991). Accordingly, guidelines for caries clinical trials
have changed during the last twenty years (FDI, 1982; CDT, 1988; ICWCCT, 2002). This was
in recognition of the fact that with the caries prevalence decline (which occurred where the great
majority of reported studies were conducted), and the need, for ethical reasons, to use a positive
control instead of a placebo (in fluoride toothpaste trials in particular), differences between
treatments have become smaller in both absolute and percentage terms. In order to overcome the
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problem of small group differences study design approaches have been modified, and the main
strategies have focused on increasing sample size and power, reducing measurement error, and
conducting studies with high risk subjects, mainly defined on the basis of initial caries scores.

A review (Volpe et al, 1993) of ten clinical trials included in a meta-analysis comparing the
anticaries efficacy of two fluoride dentifrice formulations (Johnson, 1993) pointed out that
studies were conducted in different locations that "reflected different caries challenges...". It can
be argued that as the participants included in different fluoride trials carried out in different
locations over a large timespan are highly heterogeneous with respect to the broad range of
underlying caries scores - which actually represent the measurable effect of different past caries
challenges - the potential absolute benefits of fluoride therapy are expected to vary widely
between studies. It may render the results of meta-analyses, which are pooled average estimates
of efficacy, difficult to interpret if this important source of heterogeneity is not carefully
investigated.

According to the 1994 Report of a WHO Expert Committee on Oral Health Status and Fluoride
Use (WHO, 1994), in addition to considerations on availability of resources, the most cost
effective means of administering fluoride will depend on the caries status of the community in
question and existing environmental sources of fluoride exposure. Thus, in establishing the
current best evidence with regard to the effectiveness of topical fluorides in the prevention of
dental caries it is necessary to take into account the different levels of disease severity and
exposure to fluorides, given that decisions regarding public health policy are usually determined
on this basis (of populations caries risks).

Also, according to the Centers for Disease Control (CDC) 2001 Report on ‘Recommendations
for Using Fluoride to Prevent and Control Dental Caries in the United States’ (CDC, 2001), the
increasing availability of multiple fluoride modalities and the lower caries prevalence indicate a
need for current studies of logical combinations of fluoride regimens in populations with
different caries risks. Such research should be in the form of systematic reviews of the body of
evidence, to allow both more objective and reliable assessment of the effects of single and
combined fluoride modalities and a more efficient use of resources.
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Indeed, it is becoming increasingly clear that the information from rigorous systematic reviews
that now exists should inform decisions about population-wide use of fluoride to prevent caries
and further research in dentistry. For example, The U.S. Preventive Services Task Force
(Greene et al 1989; USPSTF, 1996) and the Canadian Task Force on Periodic Health
Examination (Lewis and Ismail, 1995) affirm that there is strong evidence to support the major
methods for providing fluoride to prevent dental caries. The following preventive measures are
recommended; fluoridation of drinking water, fluoride toothpaste, professionally-applied topical
fluorides, and use of fluoride mouthrinses for those at risk of dental caries. Yet, the NHS Centre
for Reviews and Dissemination’s systematic review of the effects of water fluoridation (NHS
CRD, 2000), the first systematic review undertaken on the subject, shows that because research
conducted over the past half century has been of a much lower quality than had previously been
reported, as far as the effects (positive and negative) of water fluoridation are concerned,
there will continue to be legitimate scientific controversy until high quality studies are
undertaken providing more definite evidence. The results of this study reinforce the need to
review systematically the evidence available for the use of topical fluorides.

1.4 - Aims, objectives and outline of the thesis

The aim of this thesis is to evaluate objectively and quantitatively the evidence on the
effectiveness and safety of topical fluorides in caries prevention in children. A secondary aim is
to investigate potentially important factors that may influence effectiveness.

Six objectives have been identified to achieve these aims:

(1) To determine the effectiveness and safety topical fluoride therapy (TFT) in the form of
toothpastes, mouthrinses, gels and varnishes in preventing dental caries in the child/adolescent
population.
(2) To examine whether the effect of each form of TFT is influenced by the initial level of caries
severity.
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(3) To examine whether the effect of each form of TFT is influenced by the background
exposure to ambient levels of fluoride in water (or salt), or reported fluoride sources other than
the study option(s).
(4) To examine whether the effect of each form of TFT is influenced by fluoride concentration
or application features, such as frequency of use.
(5) To examine whether the effect of TFT is influenced by the form of TFT used (toothpastes,
mouthrinses, gels and varnishes), mode/setting of use (self applied supervised use of TFT in
preventive programmes, self applied ‘unsupervised’ use of TFT at home, and operator-applied
use of TFT), initial caries level, background exposure of fluoride.
(6) To determine whether there are differences in the effects of the various forms of TFT either
singly (one compared with another) or in combination with each other (primarily fluoride
toothpaste plus another topical fluoride modality compared with fluoride toothpaste alone).

Answers to these objectives will be given through a systematic review of all available
experimental evidence. This has been structured into a series of component reviews based on the
following comparisons;
(1) Fluoride varnishes versus placebo/no treatment.
(2) Fluoride gels versus placebo/no treatment.
(3) Fluoride mouthrinses versus placebo/no treatment.
(4) Fluoride toothpaste versus placebo.
(5) Any of the four modalities of TFT versus placebo/no treatment, where differences between
the above sets of placebo controlled trials will be examined (indirect comparisons), with
additional investigation of covariates across all TFTs.
(6) Head to head comparisons of fluoride gels/varnishes/rinses/dentifrices (one TFT versus
another).
(7) Head-to head comparisons of TFT used in combination versus one form of TFT used alone
(primarily any TFT plus fluoride toothpaste versus fluoride toothpaste only).

The thesis is divided into ten main chapters. Chapter 1 provides an introduction to the work
developed in this thesis, covers relevant information related to the present study and sets the
scene for the research described in later chapters. Chapter 2 focuses on the main steps taken
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during the planning stage of this study and on the methods used for the topical fluoride reviews,
which are reported in detail and in sequence in the subsequent chapters. Chapters 3 to 6 are each
devoted to a separate systematic review on the effects of the individual topical fluoride
modalities. Chapter 7 is a systematic review on the effectiveness of the four types of TFT
compared to placebo or no treatment, which exploits power with additional investigation of
covariates across all TFTs and indirect comparisons of the different forms TFTs. Chapter 8
compares different topical fluorides with each other, and Chapter 9 primarily compares TFTs
used in combination with fluoride toothpaste used alone. As each review stands on it own and
follows the fixed Cochrane format (i.e. is directly output from the Cochrane Review Manager
software), a review is presented in full with tables, figures and references in chapters 3 to 9.
Each one of these chapters is automatically page numbered, and the seven chapters are bound
together in a separate thesis volume. The final chapter. Chapter 10, contains a discussion and a
summary of the main findings of the reviews, implications for current practice and implications
for future research. It follows Chapter 2 in this volume.

1.5 - Inclusion Criteria

The following general criteria were used when assessing studies for inclusion in the systematic
reviews. These were defined on the basis of the design characteristics of the studies, types of
participants, topical fluoride interventions, and relevant outcomes.

1.5.1 - Types of studies

Studies were included if they were randomized or quasi-randomized controlled trials using or
indicating blind outcome assessment, in which TFT used singly or in combination (in the form
of toothpaste, mouthrinse, gel or varnish) is compared concurrently to placebo, no treatment, or
TFT in one of the forms described above, during at least one calendar or school year.
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Randomized or quasi-randomized controlled trials using within-group paired comparison
designs (e.g. split-mouth trials)^, or with open outcome assessment or no indication of blind
assessment, or lasting less than one calendar or school year were excluded. Controlled trials
where random or quasi-random allocation was not used or indicated were excluded.

1.5.2 - Types of participants

Participants had to be children 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 intervention is received or time when it started).

Studies where participants were selected on the basis of special (general or oral) health
conditions were excluded.

1.5.3 - Types of interventions

The types of intervention included in the reviews are fluoride toothpastes, mouthrinses, gels
(professionally- or self applied) or varnishes only, using any fluoride agent (which may be
formulated with any compatible abrasive system, in the case of fluoride toothpastes), at any
concentration (ppm F), amount or duration of application, and with any technique or method of
application, provided the frequency of application is at least once a year. The control group is
placebo (for any method of fluoride application), no treatment (except for brushing or flossing
methods of application), or any TFT modality described above resulting in the following
comparisons: Any single TFT compared with a placebo or no TFT, any single TFT compared
with another TFT, any TFT combined with fluoride toothpaste compared with fluoride
toothpaste alone.

^ It wav cmticipated tfiat mcmyfluoride varnish trials would use a split-mouth design. The major
drawback in using the within-subject paired design in a topical fluoride study is that the
possibility o f contamination o f control sites cannot be excluded, regardless o f the adhesiveness
o f the material in the first hours after aj?plication. Thus, due to the possibility o f fluoride
spreading across the mouth, such niais were not considered.
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Studies where the intervention/comparison consisted of any caries preventive agent/procedure in
addition to the forms of TFT considered above were excluded (e.g. other fluoride-based
measures, anti-plaque or anti-calculus agents, sealants, oral hygiene interventions, xylitol
chewing gums, glass ionomers).

1.5.4 - Types of outcome measures

The primary outcome measure 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. For studies in younger children the outcome of interest is
caries increment in deciduous tooth surfaces, as measured by change in the decayed,
(missing/extraction indicated), and filled surface d(e/m)fs index. Dental caries is defined here as
being clinically and radiographically recorded at the dentin level of diagnosis.

The following outcome measures were considered relevant; coronal dental caries and dental
fillings, in both the permanent and the deciduous dentitions; tooth loss; proportion of children
developing new caries; dental pain/discomfort; specific side effects (fluorosis, tooth
staining/discoloration, oral allergic reactions, adverse symptoms such as nausea, vomiting);
unacceptability of preventive treatment as measured by dropouts during the trial (in non-placebo
controlled studies); use of health service resources (such as visits to dental care units, length of
dental treatment time).

Studies reporting only on changes in plaque/calculus formation, plaque regrowth/vitality,
plaque/salivary bacterial counts, or gingival bleeding/gingivitis, dentin hypersensitivity or
fluoride physiological outcome measures (fluoride uptake by enamel or dentin, salivary
secretion levels, etc) were excluded.

The identification and appraisal of available reviews, the liaison with The Cochrane
Collaboration, and all other general methods utilised for the development of the protocol and the
preparation of the systematic reviews are presented in the following chapter.
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CHAPTER 2

METHODS
This is a systematic review that consists of a series of component reviews assessing the effects
of topical fluoride therapy (TFT) in the prevention of dental caries in children.

This research was conducted in accordance with the guidelines for systematic reviews produced
by the NHS Centre fo r Reviews and Dissemination and The Cochrane Collaboration, supported
by the Department o f Epidemiology and Public Health and the Systematic Reviews Training
Unit (the host organisations, at UCL), and sponsored by CAPES (Brazil). A review team was
formed and an advisory panel of experts in the field was recruited to provide relevant advice.
The systematic reviews were conducted under the auspices of the Cochrane Oral Health Group,
who provide on-going editorial support.

2.1 - Checking for existing and on-going reviews

A preliminary literature search was undertaken to provide information on available systematic
reviews of topical fluoride interventions and on the scope of the literature in the field. It had to
be ascertained first whether a review on the same topic of sufficient quality was available (or
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being prepared) which had not become outdated. Checks for existing and on-going reviews were
made in 1997 and 2000 with the Cochrane Database of Systematic Reviews (CDSR), the
Database of Abstracts of Reviews of Effects (DARE), the NHS Economic Evaluation Database
(NHS EED), MEDLINE and EMBASE. These searches were performed without any date
limits, and were supplemented by contact with key research groups in the field.

The search strategy used to locate reviews in MEDLINE (searched using WinSpirs/SilverPlatter
software) is given in Appendix A Section 1. The ‘controlled vocabulary’ terms “Fluorides” and
“Dental caries” + “DMF index” (and corresponding ‘free text’ terms) were used ‘exploded’ (and
truncated) for the subject search phrase in this strategy. This strategy was adapted to search
EMBASE. At this preliminary stage, with the exclusive aim of identifying existing systematic
reviews, only the methodological terms most likely to retrieve systematic reviews/meta-analyses
were used from this search strategy. With the aim of collecting further background information
for defining the scope of the systematic review and identifying relevant trials (by checking
references in the bibliographies of the review articles), at a subsequent stage, the full MEDLINE
search strategy was used for retrieval of review articles (as it included the broader/less specific
methodological terms to locate reviews).

Six relevant reviews employing quantitative synthesis were identified by mid 2000. The first
two studies to use a meta-analytical approach were published nearly two decades ago. One is a
review of US fluoride mouthrinses studies in non-fluoridated areas (Stamm et al, 1984) and the
other is a study by Clark et al (1985) on the comparative effectiveness of acidulated phosphate
fluoride (APF) gels and solutions and fluoride varnishes. However, these reviews were not
considered further due to several methodological limitations that characterised these early
attempts at quantitative synthesis in the dental field.

A few reviews employing meta-analysis were published in the 1990s. Two of these address the
comparative efficacy of two commercially available active forms of fluoride in toothpaste
(Johnson 1993; Stamm 1995). Another is a systematic review on the effectiveness of one
commercially available fluoride varnish system, Duraphat (Helfenstein and Steiner, 1994;
1994a) and the other is a systematic review on the effectiveness of fluoride gels (van Rijkom,
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1998). A common feature present in the first three is a greater focus on the statistical aspects of
the investigation, rather than on the clinical and public health implications.

Table

2.1

shows

the

main

features

and
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the

results

of

the

four

studies.

Table 2.1 - Main features and results of renew articles einplo>ing meta-analyses published in tlie 1990s on tlie eflects of topical fluoride interventions
S tu d y

Van Rÿkom
1998

Focus

An investigation on the

Inclusion criteria

Randomized studies on fluoride gels

Search/Selection/Quality

Statistical

analysis/

Investigation

of

heterogeneity

assessment/Data extraction

Findings

MEDLINE (1965 to 1995) search for

17 studies analyzed (8263 participants) - caries reduction was 22% (95% Cl;

caries-inhibiting effect of

(versus placebo or no treatment),

English and German language papers.

18, 25%) favouring fluoride gels.

fluoride gel treatment in

applied to permanent teeth of children

Studies selected independently by 2

Differences in caries increment expressed as Prevented Fractions (PF). Model

children and on factors

in the general population aged 6 to IS

examiners, but no report on method for

used for MA not reported. Multiple regression analysis showed no significant

potentially modifying this

years.

assessing validity, or on how many

influence on the PF for the variables "baseline caries prevalence", "general

effect.

Outcome measure: caries increment

data extraction.

fluoride regimen", "application method" (tray/brush), and "application

Comparative efficacy o f two

Not specified in terms of participants.

Not reported.

formulations o f fluoride

Study design/' interventions: RCTs

frequency".

Stamm 1995

Johnson 1993

12 studies analyzed (14,257 participants) - difference in efficacy was 7%
favouring NaF toothpaste.

dentifrices: sodium fluoride

reporting direct comparison o f the two

Difl'ercnccs in caries increment expressed as standaixlized mean differences in

(NAF) and sodium

agents, and ■‘appropriateness” o f the

D(M)FS. Fixed eflects model used for conventional and cumulative meta

monofluorophosphate

test agents.

analysis.

(SMFP).

Outcome measure: caries increment

Heterogeneity not investigated.

Comparative efficacy o f two

Not specified in terms of participants.

Published studies searched. (“Design”

9 head -to- head studies (over 7000 participants) - overall weighted mean

formulations o f fluoride

Study design/interventions: RCTs

rating used but in another publication).

difference o f 0..28 (95% Cl: 0.10, 0.46) favouring NaF toothpaste

dentifrices: sodium fluoride

reporting direct comparison o f llte two

Study identification and selection

(representing a 6.4% reduction in the rate o f caries development).

(NAF) and sodium

agents, and anticalculus studies, and

processes not reported. Quality

Differences in caries increment expressed as weighted absolute mean

monofluorophosphate

dual-active studies.

assessment and data extraction methods

differences in D(M)FS. Fixed effects and random effects models used for

(SMFP).

Outcome measure: caries increment

not reported.

meta-analyses performed.

An investigation on the caries

Specified in Terms of participants

Searched Index to Dental Literature

9 studies analyzed (1851 participants) - caries reduction was 38% (95% Cl:

Tests o f heterogeneity performed. Sensitivity analyses perfonned

Helfenstein
and Steiner
1994

preventive effects of

(children aged 6-15), intervention

1985-91 and references from review

19%, 57%) favouring fluoride varnish.

Duraphat (fluoride varnish).

(Duraphat), outcome measures (caries

articles. Study identification and study

Difl'ercnccs in caries increment expressed as weighted mean diflerences in

increment) and study design (not

selection processes not described.

D(M)FS. Random effects model used for meta-analysis.

restricted to RCTs).

Judgments on validity and data

Test of heterogeneity significant. Influence o f study duration observed (effect

extraction method not reported.

decreased with time). Sensitivity analyses performed (fixed effects model).
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This general assessment of the available literature indicated an absence of systematic reviews
addressing the main questions for this study.

2.2 - Protocol development process

An external advisory group of experts in the field was recruited early in the process to help
refine the review questions. Advisory group members were trialists, experts in the subject area
(Ruth Holt, Kenneth Stephens, and Helen Worthington), and were selected to reflect different
views and perspectives. The advisory panel was chosen by a review team member, Aubrey
Sheiham, in consultation with the others; Valeria Marinho (principal researcher), Stuart Logan,
and Julian Higgins. The review team members had a range of expertise including the
methodology of systematic reviews, epidemiology, statistics, and subject area. Expertise in
information sciences was provided within the Systematic Reviews Training Unit.

A standard letter was sent to consultants inviting them to take part in the panel and explaining
their possible role in the process (Appendix B, Section 1). All agreed to participate as advisors
and a second letter was sent to each consultant, with a draft protocol attached, specifically
asking for their comments on the questions to be addressed by the study (Appendix B, Section
2). When their comments had been received, it was deemed relevant to convene a joint meeting
of the review team and the advisory group in order to clarify and incorporate any fiirther
comments into the protocol. The meeting took place in London, at the Department of
Epidemiology and Public Health (UCL), in July 1997, when the main issues that had been
raised with regard to the relevance of the review questions /scope of the review were discussed.
In addition, advice was provided about dissemination of review findings.

Liaison with The Cochrane Collaboration was also established early in the process and both
workshops held for Cochrane reviewers, “Developing a protocol” and “Getting a review into
Rev Man”, were attended by this investigator, a trainee within the Systematic Reviews Training
Unit at the time. When all the issues discussed with the advisory group were satisfactorily
incorporated into the original protocol, it was submitted to the Cochrane Oral Health Group for
the internal and external peer review process.
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The protocol published in 1998, in The Cochrane Library, Issue 2, was intended to be the first of
three addressing the main research questions. The original protocol is available in Appendix C,
Section 1. However, although every effort had been made to adhere to the original plan, it was
recognised that this was not always appropriate. As a greater understanding of the problem was
developed during the course of the study, following a meeting of the review team in October
1999, it was decided that the study should be re-structured into a series of seven systematic
reviews (instead of three) and the range of analyses undertaken should be broader. The re
structuring of the original protocol into five protocols, with the changes documented in each
subsequent protocol, were not made on the basis of how they could affect the results of the
reviews. The decisions/changes made, with agreement from the advisory panel and the
Cochrane Oral Health Group, are documented in Appendix C, Section 2.

All seven protocols for the series of Cochrane reviews were submitted and published during
2000 (The Cochrane Library, Issues 3 and 4). The members of the advisory group were among
those who refereed the drafts of the protocols (and later of the reviews), through the Cochrane
Oral Health Group editorial process.

2.3 - Search strategies for identification of primary studies

A comprehensive search was carried out, in order to identify all relevant studies for inclusion in
the systematic reviews irrespective of language. It involved searching a wide range of databases
and other sources for the identification of controlled trials.

2.3.1 - Electronic searching

Each database was searched from its starting date to July/August 1997, in the first stage of the
review process, and additional/updating searches were undertaken until January/February 2000.

2.3.1.1 - The preliminary multiple database search process
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The following databases were searched in July 1997: 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 with very low specificity (but high
sensitivity)"*, using ‘free text’ and ‘controlled vocabulary’ terms, 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 Randomized Controlled Trials (RCT
filters), described in Appendix A, Section 2. The software RCT Filter for MEDLINE
SilverPlater (windows version), particularly useful to run the Cochrane search strategy on very
large files downloaded from MEDLINE, was used to run the Cochrane search strategy (all 3
levels) in the downloaded set of records from the second subject search strategy. The subject
search phrases were customised for searching EMBASE and the other databases, and the RCT
filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. Full details of the search strategies used according to
database searched are described in Appendix A, Section 3 (subject search strategies and
modified methodological filters). The Cochrane Controlled Trials Register (CCTR) (The
Cochrane Library Issue 1,1997), and the System for Information on Grey Literature in Europe
(SIGLE) database (1980 to 1997), were also searched using the terms 'fluof and 'carie'
truncated.

This preliminary database search was used for the development of a register of topical fluoride
trials for the systematic reviews, as the Cochrane Oral Health Group's Trials Register was not

In the context o f a systematic review, the attributes o f a search strategy can be described in
terms o f sensitivity! or recall (ability' to identify relevant articles), and specificity or precision
(ability to exclude irrelevant articles). Thus, sensitivity is the proportion o f relevant citations
identified by a search strategy expressed as a percentage o f all relevant citations on a given
topic, and specificity is the proportion o f relevant citations identified expressed as a
percentage o f all citations (relevant and irrelevant) retrieved by the search strategy. Highly
sensitive 'subject search stixitegies’ and 'methodologicalfilters' tend to /zme a very low
specificity and vice-versa. The ability to identify all relevant articles (high recall) was more
important fo r the systematic review than achieving high precision, i.e. the comprehensiveness
o f the search was increased.
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yet developed in 1997/98. These searches had low specificity and were used to refine and direct
further searches.

The preliminary searches produced the following total number of records, according to database
searched: MEDLINE, 4599; EMBASE, 5052; BIOSIS, 421; SCISEARCH 514; SSCISEARCH,
169; ISTP, 66; CINAHL, 133; ERIC, 60; DISSERTATION ABSTRACTS, 95; LILACS, 48;
BBO, 47; CCTR, 86; SIGLE, 6. These numbers include those records that were retrieved in
more than one database. The downloaded set of records from each database was imported to the
bibliographic package Reference Manager in separate databases (records from LILACS, BBO,
CCTR, and SIGLE were not imported but were inspected separately and cross-checked with
those in Reference Manager). Starting with MEDLINE, the records were then merged into one
core database to eliminate duplicates (around 7500, after the merging process plus those not
merged), retrieved according to database, and checked for relevance on the basis of title first,
then by keywords and abstract (where available). Records were considered relevant if it could
be determined that they were a controlled trial of at least 6 to 8 months duration, involving
children, and assessing at least one relevant type of topical fluoride therapy (TFT). Appropriate
keywords had been added during the importation process to optimise retrieval for subsequent
classification of eligible records by database, in order to identify the most useful databases.

When these records were screened, 403 potentially eligible reports were identified, 368 (91%)
of which had come from MEDLINE. There was overlap between MEDLINE and EMBASE (28
records); MEDLINE and BIOSIS (37); MEDLINE and SCISEARCH, (28); MEDLINE and
SSCISEARCH (3); MEDLINE and DISSERTATION ABSTRACTS (1); MEDLINE and
LILACS/BBO (2); MEDLINE and CCTR (35). No potentially eligible reports were identified in
ISTP, ERIC, CINAHL, or SIGLE. There were 294 potentially eligible reports (90%) unique to
MEDLINE, 14 to EMBASE, 6 to BIOSIS, 3 to SCISEARCH, 1 to SSCISEARCH, 1 to
DISSESTATION ABSTRACTS, and 8 to LILACS/BBO.

Of the 403 reports initially identified as potentially eligible, 304 (75%) were English articles, 35
(9%) German articles and 64 (16%) were published in other languages.
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The journals with the highest yield of potentially eligible reports (based on 383 records
identified as such from MEDLINE and EMBASE) were Community Dentistry and Oral
Epidemiology, 59; Caries Research, 33; Journal of the American Dental Association, 25; British
Dental Journal, 16; Journal of Dental Research, 12; Journal of Public Health Dentistry, 14; and
European Journal of Oral Sciences (former Scandinavian Journal of Dental Research), 12.

2.3.1.2 - Additional database searching

Both OLD MEDLINE (1963 to 1965), which covers citations from 1958 through 1965, and the
Community of Science database, which included ongoing trials funded by the National Institute
of Dental Research (NIDR), were searched in 1998 using the two terms 'fluor* and 'carie'.

LILACS/BBO were searched for the second time in January 1999, where ‘free text’ subject
search terms were combined with a methodological filter for RCTs. This strategy is described in
Appendix A, Section 4.

As described above, MEDLINE yielded by far the highest number of eligible studies. It was
therefore considered the most useful database for the development of supplementary more
specific subject search phrases (including 'free text' and 'controlled vocabulary' terms), refined
for the systematic reviews of the individual topical fluoride modalities (but utilised for all
reviews). Four separate searches were formulated around three main concepts each (the relevant
type of TFT, fluoride and caries) and were used to search Silverplatter MEDLINE up to January
2000 without any study design filters. These subject search strategies are also described in
Appendix A, Section 4.

These specific search strategies were adapted to search the Cochrane Oral Health Group's Trials
Register (up to May 2000), and have also been run on CCTR (The Cochrane Library Issue 2,
2000) to double check.

Finally, the metoRegister of Current Controlled Trials was searched in October 2001 for
ongoing RCTs using the terms 'fluoride' and 'caries'.
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2.3.2 - Reference searching

All relevant reports retrieved from the searches, meta-analyses and review articles located up to
January 2000 were checked for relevant references. As described before, review articles had
been identified mainly by the searches specifically carried out to provide information on
available systematic reviews or meta-analyses and on the scope of the literature on the topic.
Reference lists of relevant chapters from preventive dentistry textbooks on topically applied
fluoride interventions were also consulted.

2.3.3 - Hand searching

Prospective hand searching of the seven journals identified as having the highest yield of
potentially eligible RCTs/controlled trials (CCTs) was carried out, from January 1999 until
January 2000 (each journal was searched prospectively, at the time, throughout this single year):
British Dental Journal, Caries Research, Community Dentistry and Oral Epidemiology, Journal
of the American Dental Association, Journal of Dental Research, Journal of Public Health
Dentistry and European Journal of Oral Sciences. The handsearch of Community Dentistry and
Oral Epidemiology was undertaken (1990 to December 1999), as this was the journal with the
highest yield of potentially eligible reports (see section 2.3.1.1).

2.3.4 - Other searches

Searching for unpublished studies (or 'grey' literature such as technical 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 from 1980 onwards in order to obtain
information on unpublished studies possibly 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 (there was no date
limit for this). A standard letter is available in Appendix D.
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Based on information extracted mainly from included studies, a list of manufacturers of fluoride
toothpastes, mouthrinses, gels and varnishes was created for locating 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.
Fourteen manufacturers were contacted (October 2000) and information on any unpublished
trials requested; Bristol-Myers Co, Colgate-Palmolive, Davies Rose-Hoyt Pharmaceutical
Division, Gaba AG, Ivoclar North America, John O Butler Company, Johnson & Johnson, OralB Laboratories, Pharmascience, Procter & Gamble, Smithkline Beecham, Synthelabo,
Unilever/Gibbs, Warner-Lambert. However, reports that might be identified by contacting
manufacturers are not referred to in this thesis (but should feature in updates of the Cochrane
reviews).

2.4 - General management of references

As for the preliminary multiple database search process, the downloaded set of records from
each database searched was imported 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 checked without the benefit of
eliminating duplicates. The records produced by OLD MEDLINE and by the specific
MEDLINE search performed without methodological filters were imported to Reference
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 metoRegister of Current
Controlled Trials were also checked outside Reference Manager.

All the references identified when searching other (non-electronic) sources (reference lists of
located relevant studies, review articles and book chapters, journal handsearching, personal
contact) were searched for in MEDLINE afterwards. The references that could be found in
MEDLINE were imported to Reference Manager for inspection, and the others were entered
manually.
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2.5 - Relevance assessment (identification of eligible reports)

All records identified by all the searches performed (in the preliminary stage and subsequently)
were printed off and checked on the basis of title first, then by abstract (when this was available
in English or in languages known by this reviewer). Records that were obviously irrelevant were
discarded and the full text of all remaining articles were obtained. Records were considered
irrelevant according to study design/duration, participants, or interventions/comparisons (if it
could be determined that the article was not a report of a controlled trial; or the trial was of less
than 6 to 8 months duration; or the trial was exclusively in adults; or the trial did not address the
relevant TFTs, compared to placebo, no treatment, or with each other (singly or in
combination)).

The process of tracking down eligible articles was carried out in UCL libraries (Clinical
Sciences Library and The Eastman Dental Institute Library), The London Hospital Library and
The British Dental Association Library. Interlibrary loans were ordered if an article could not be
found in such libraries.

2.6 - Selection of studies for inclusion

The inclusion criteria form had been previously prepared and pilot tested (on a sample of 20
articles), and was used by one reviewer (VM) to assess all studies for inclusion in the review. 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
reviewer was independently assessed by the second. A third reviewer was consulted, Stuart
Logan (SL) or Aubrey Sheiham (AS), to resolve any disagreement. Trial reports thought to be
potentially relevant in languages not known by the reviewers were assessed for inclusion with
reference to the translator. Attempts were made to contact authors of trials that could not be
classified in order to ascertain whether inclusion criteria were met. The inclusion criteria form is
available in Appendix E.
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It was considered essential to identify all reports related to the same study, since in many
instances crucial information for study selection and/or data extraction was not reported in
similar detail in all publications; in case of any important discrepancy between reports, authors
were contacted.

2.7 - 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
and Oxman, 2002). Allocation concealment for each trial was rated as belonging to one of
three categories;
A. Adequately concealed (an adequate method to conceal allocation 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/blinding of participants
described).
B. Single-blind (blind outcome assessment stated and no placebo used/participants not blind).
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 independently 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
outcome assessment reported but there is information that leads to suspicion/uncertainty
about whether the examination was blind).
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Excluded: clearly open outcome assessment used or blind outcome assessment not reported
and unlikely (no description of an examination performed independently of previous results,
of x-rays registered independently of clinical examination, of use of a placebo, 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 sample of approximately one third. 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 outcome had been carried
out blind.

Checking of interobserver reliability was limited to these validity assessments. Based on 28
studies included in the topical fluoride reviews and randomly selected for assessment of
reproducibility and agreement between two reviewers, interrater 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).

Table 2.2 - Number o f concordant and discordant assessments for (a) allocation concealment and (b) blinding
in main outcome assessment, independently performed by two reviewers (VM and JH) on 28 included studies.
(b) Blinding

(a) Allocation concealment
JHWM

A

B

c

D

JHWM

A

B

C

D

A

3

0

0

0

A

21

0

0

0

B

3

22

0

0

B

1

3

0

0

C

0

0

0

0

C

0

0

1

2

D

0

0

0

0

D

0

0

0

0

Further quality assessment was carried out to assess completeness of follow up and handling of
exclusions (extent to which reasons for attrition are explicitly reported, or losses are independent
of treatment allocated), and other methodological features, but these were not used as thresholds
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for inclusion. However, all such assessments were coded for possible use in metaregression or
sensitivity analyses^

2.8 - Data extraction

Data from each included study were extracted by one reviewer (VM) using a pre-designed pilot
tested data extraction form. The data extraction form is available in Appendix F. A second
reviewer (JH) extracted data from a random sample of approximately one third of included
studies. Again, data that could not be coded by the first reviewer were independently coded by
the second, any disagreements were discussed and a third reviewer consulted to achieve
consensus where necessary. Papers in languages not known by the reviewers were data
extracted with help from appropriate translators. Attempts were made to contact authors through
an open-ended request in order to obtain missing information or for clarification whenever
necessary. Justifications for excluding studies were also documented at this stage.

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
randomization in sizing/balancing (stratification based on relevant variables) or used post
randomization in analysing/adjusting for possible differences in prognostic factors between
groups; objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors); any co
intervention and/or contamination. 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, DPS, or other measure), background exposure to fluoride
sources other than the study option(s) (in water, topical applications, etc), year study began,
place where study was conducted (country), setting where participants were recruited, and

^Sensitivity analyses are used to determine how sensitive (robust) the results o f a systematic
review are to changes in how it was carried out (it is analyzed whether decisions or
assumptions made about the data and/or the methods that were used may hcwe an impact on
the overall results).
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dental treatment level (F/DMF). Characteristics of the interventions that were extracted
included: fluoride modality(s), mode of application (how the intervention was delivered),
methods (technique/device) of application, prior- and post-application, fluoride active agents
and concentrations used, frequency and duration of application, and amount applied.

Different ways of assessing or reporting caries increment in the trials (change from baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components 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,
approximal surfaces, etc), state of tooth eruption considered (erupted and/or erupting teeth or
surface), diagnostic thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions),
methods of examination adopted (clinical and/or radiographic), and approaches to account or
not for reversals in caries increment adopted (in a net or observed/crude caries increment
respectively). In addition, caries increments have been recorded whenever the authors reported
them (various follow ups), and where assessments of caries increments were made during a
post-intervention follow up period, the length of time over which outcomes were measured after
the intervention ended was noted.

Because caries increment could be reported differently in different trials a set of a priori rules
were developed 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
chosen 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 dentinal/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
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thresholds used, groups of teeth and types of tooth eruption recorded, and approaches for
reversals adopted, the primary choices described above were assumed.

All other relevant outcomes assessed/reported in the trials were also recorded/listed. The data
were extracted into MS Excel spreadsheets (Microsoft Corporation, 1989-96).

2.9 - Data Analysis

2.9.1 - Handling of missing main outcome data

It was decided that missing standard deviations for caries increments that were not obtained by
contacting the original researchers would be imputed through linear regression of log standard
deviations on log mean caries increments. To impute missing standard deviations the approach
of van Rijkom et al (1998) was followed, and a regression of available standard deviations on
means was performed, irrespective of treatment group. After the omission of three influential
points (out of 182 available at the time of analysis) a linear relationship was identified between
log(SD) and log(mean) (Fig. 2.1).
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log SD vs log Mean

»

0
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log mean

F ig 2 .1 - L inear relation sh ip b e tw e e n lo g (S D ) an d lo g (m e a n ) from t h e a n a ly s is o f t h e 1 7 9 a v a ila b le
tr e a tm e n t a r m s from th e to p ica l fluoride trials with c o m p le te inform ation ( a s o f O c to b e r 1 9 9 9 ).

The resulting regression equation was log(SD) = 0.64 + 0.55*log(mean) where log indicates
natural logarithm (R-squared = 77%). This equation was used to estimate missing standard
deviations from mean D(M)FS increments for the meta-analyses.

This is a suitable approach for caries prevention studies since, as they follow an approximate
Poisson distribution, caries increments are closely related (similar) to their standard deviations.

2.9.2 - H a n d lin g o f re su lts (m a in o u tc o m e ) o f stu d ie s w ith m o r e th a n o n e tr e a tm e n t arm

Follow ing external statistical advice it w as also decided to com bine the num bers, m ean caries
increm ents an d standard deviations o f tw o o r more relevant experim ental o r control arm s in
m ultitreatm ent trials in o rder to obtain a m easure o f treatm ent effect.
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SD
of Number
of
increment
participants

Mean
increment
Experimental

Se

Ne

Control

Sc

Nc

Multitreatment trial can be defined as

E, vs ^2 vs .... E. vs C ,
or,
E, vs E^ws .... E. vs C, vs Cj vs .... C,

For that as given in the (above) table the following formula was used in order to combine
results from the relevant experimental or control arms in a trial;

El & El combined =

Thus, in the studies with more than one relevant intervention group (of the same modality of
TFT) and a common control group (such as those comparing different concentrations of fluoride
ions in a mouthrinse to a control group for example), raw results from all relevant experimental
groups were combined. This enables the inclusion of all relevant data in the primary meta
analysis, although may slightly compromise any secondary investigations of dose response.

In the studies comparing two or more relevant modalities of TFT to a common control group,
the control group was divided into approximately equally sized smaller groups to provide a
pairwise comparison for each modality. Means and standard deviations were unchanged.

2.9.3 - Choice of measure of effect and meta-analyses of main outcome

The chosen measure of treatment effect was the prevented fraction (PF).
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Mean
increment

SD
of Number
of
increment
participants

Experimental
Control

Nc

-Vc

For data as given in the (above) table, preventive fraction is defined as

or, equivalently,
X,
For an outcome such as caries increment (where discrete counts are considered to approximate
to a continuous scale and are treated as continuous data) this measure was considered more
appropriate than the mean difference or standardised mean difference, since it allows
combination of different ways of measuring caries increment and a meaningfiil investigation of
heterogeneity between trials. It is also simple to interpret.

Meta-analyses were performed using an inverse-variance-weighted average. Variances were
estimated using the following formula (Dubey et al, 1965);

V a r(P F )= ^

Sc' ,

N,

S ,‘

X/N,
-

-

This is based on a delta method approximation to the variance rather than the confidence
interval derived through Fieller’s theorem (Buonaccorsi, 1998). This is more suitable for use
in a weighted average, and for large sample sizes the approximation should be reasonable.

Random effects meta-analyses were performed throughout. The random effects model
assumes a different underlying effect for each study in a meta-analysis, and takes this
additional between-study variation into account in calculating the average treatment effect
(DerSimonian and Laird, 1986).
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Deciduous and permanent teeth were analysed separately throughout.

Statistical analysis was carried out using RevMan versions 4.1 and 4.2 - Metaview and RevMan
Analyses (The Cochrane Collaboration, England) and Stata version 6.0 (Stata Corporation,
USA).

For illustrative purposes, when overall results were significant, the results were also presented as
the number 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.

2.9.4 - Assessment of heterogeneity and investigation of reasons for heterogeneity

Heterogeneity in the results of the trials was assessed by inspection of a graphical display of the
plotted estimates of treatment effect from the trials along with their 95% confidence intervals,
and by formal tests of homogeneity (Thompson and Sharp, 1999).

Statistically significant heterogeneity was investigated using metaregression when a meta
analysis included a sufficiently large number of studies. In addition to aspects of study quality,
potential sources of heterogeneity investigated in metaregression included factors specified a
priori (such as baseline levels of caries severity, exposure to fluoride sources other than the
study options, and application features) and others that were not. The association of potential
effect modifiers with estimated effects (D(M)FS PFs) were examined by performing random
effects metaregression analyses in Stata version 6.0 (Stata Corporation, USA) using the program
Metareg (Sharp, 1998). The random effects regression model described in detail elsewhere
(Thompson and Sharp, 1999) relates treatment effect to study characteristics assuming a normal
distribution for the residual errors with both a within- and an additive between-study component
of variance. The between-studies variance was estimated by an iterative procedure, using an
estimate that is based on a restricted maximum likelihood method.

To allow investigation of heterogeneity, relevant data were dealt with as follows; data on
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'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
between all relevant study groups. Data on 'background exposure to other fluoride sources'
combined data on the use of any fluoride other than the study option(s) and the consumption of
fluoridated water (or salt) and were grouped into two categories: one for studies which were
based on samples provided with non-fluoride toothpaste/ reporting no/low use of other fluorides
and which were from non-fluoridated areas (non exposed), and another for studies based on
samples using any fluoride other than the study option(s) or studies in fluoridated communities
or both. When background exposure to fluoride toothpaste was not clearly indicated in studies
carried out in developed countries, it was assumed that fluoride toothpaste was widely used
from the middle of the 1970s (Ripa 1989); this information was sought from authors (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. Background exposure to fluoride rinses, gels, tablets, etc should be reported to have
involved the majority of participants in the study to be considered as such, otherwise it was
assumed that these had not been used. Exposure to water fluoridation should be above 0.3 ppm
F; when information on the fluoridation status of a site was not available/obtainable, no
assumptions were made.

Data on the 'fluoride application mode of use and forms of TFT' were classified as self applied
unsupervised use (of toothpaste or mouthrinse at home), self applied supervised use (of gel,
mouthrinse or toothpaste in school-based programmes), and operator-applied use (of gel or
varnish). The four modalities of TFT were categorised as such.

Further potential sources of heterogeneity investigated by metaregression included the potential
influence of fluoride concentration and frequency of use. Data on 'concentration 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 fluoride
concentration (in ppm F). In multiple arm studies this intensity score was averaged over fluoride
treatment groups. Any 'post hoc' analysis was clearly identified.
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Sensitivity analyses were performed as appropriate. A few meta-analysis of D(M)FS PF were to
be repeated to account for the cluster randomized design of a trial(s), for example. This was
achieved by replacing the variance of the prevented fraction estimate with an ‘inflation factor’,
that describes how much additional uncertainty one should have about the result for the trial
knowing it was cluster randomized. The variance of the prevented fraction estimate was inflated
by an amount equal to (1 + (m-1) * ICC), where m is the average cluster size and ICC the
intraclass correlation coefficient. A conservative value of 0.1 for the ICC was used if an ICC
could not be found from the trial(s).

2.9.5 - Investigation of publication and other biases

A funnel plot (plots of treatment effect estimates versus the inverse of their standard errors) was
drawn for the main meta-analyses. 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 et al (1997b), a (weighted) regression asymmetry test. It
was carried out in Stata version 6.0 (Stata Corporation, USA) using the program Metabias
(Steichen, 1998).

2.9.6 - Measures of effect and meta-analysis of other outcomes

For outcomes other than caries increment, dichotomous data were analysed by calculating risk
ratios (RR) or, for adverse effects of fluoride treatment, risk differences (RD). RevMan 4.1 and
4.2 (Metaview and RevMan Analyses) was used for estimation of overall treatment effects.
Again, a random effects model was used to calculate a pooled estimate of effect. NNT was
calculated when overall results were significant. As a general rule only (relevant) outcomes with
useable data were shown in the analyses tables.

Full details of specific objectives and inclusion criteria used in the separate reviews, as well as
details of specific methods used in their analyses, including the factors investigated in
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metaregressions, can be found in Chapters 3 to 9 (see second thesis volume), each comprising a
full systematic review (including results, discussion and conclusions). The next chapter (in this
thesis volume) is Chapter 10, which presents the final discussion and conclusions of the study.

2.10 - Dissemination strategies

It has been proposed that the systematic reviews’ findings should be disseminated (beyond the
routine dissemination activities of The Cochrane Collaboration and The Centre for Reviews and
Dissemination) through:
BASCD - British Association for the Study of Community Dentistry Conference;
ORC A - European Organization for Caries Research Congress;
Chief Dental Officers (Europe);
Relevant peer-reviewed journals indexed in major databases.
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CHAPTER 10

DISCUSSION AND CONCLUSIONS
10.1 - Introduction

The effectiveness of topical fluorides for caries prevention has been extensively researched.
There are, however, few published systematic reviews mainly assessing specific topical fluoride
active agents within specific delivery systems, and no systematic investigation evaluating the
relative effectiveness of the most widely used forms of topical fluoride therapy and examining
formally the main factors that may influence their effectiveness.

The research outlined in this thesis assessed objectively and quantitatively the relative
effectiveness of the main forms of topical fluoride interventions currently used for the
prevention of dental caries in children and adolescents. The study also explored formally the
main factors that may influence their effectiveness. In an attempt to identify all relevant
experimental research, it was ascertained how widely the experimental approach has been
utilised in assessing the effectiveness and safety of topical fluorides through a series of
systematic reviews of all available evidence.
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This final chapter contains a general discussion of the most important findings of the thesis and
a summary of the conclusions with practical implications, which have been already addressed in
detail in the discussion and conclusion sections concerned with each systematic review
(Chapters 3 to 9). The discussion of the main results providing the context of previous
knowledge highlights the amount and quality of the evidence found and the ability to answer the
objectives with this evidence. The methodological strengths and weaknesses of the study are
also highlighted. The chapter will conclude with an outline of the conclusions and the steps
taken for the dissemination of the findings.

10.2 - Discussion of main results

10.2.1 - Is Topical Fluoride Therapy (TFT) in the form of toothpaste, mouthrinse, gel and
varnish effective for caries prevention in children?

The selection of a professionally-applied topical fluoride intervention should be based on three
general considerations. First, the intervention should be effective in preventing dental caries.
Second, it should be safe and, lastly, it should be easy to use and acceptable to the user/recipient
of care. The first question addressed by this thesis is how effective the use of topical fluorides in
the form of toothpaste, mouthrinse, gel and varnish for the prevention of caries in children is
when compared to placebo or no treatment. The study as a whole contains information from
over 66,000 children included in the trials comparing a topical fluoride intervention with a
placebo or no treatment, and confirms that the use of topical fluorides is associated with a clear
reduction in caries increment in both the permanent (for all forms of topical fluorides examined)
and the deciduous dentition (for fluoride gels and varnishes). For the great majority of children
in these trials (approximately two thirds) the topical fluoride modality they used was toothpaste,
followed by mouthrinse, gel and varnish applications.

With average D(VI)FS preventive fractions ranging from 24% (95% Cl, 21% to 28%) for
fluoride toothpaste, through 26% (95% Cl, 23% to 30%) for mouthrinses and 28% (95% Cl,
19% to 37%) for gels, to 46% (95% Cl, 30% to 63%) for fluoride varnishes, all topical fluorides
were shown to be effective. These conclusions were made on a clearer basis in placebo
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controlled trials, as indicated by the results of the 5^ review in the series, which examined
extensively the influence of potential sources of heterogeneity between studies across all four
types of topical fluoride interventions and suggested that caries reductions are overestimated in
no treatment control trials, conceivably of lesser methodological quality. Indeed, in the review
which focused specifically on the effectiveness of fluoride gels, the pooled D(M)FS PF was
21% (95% Cl, 14% to 28%) based exclusively on 14 placebo-controlled studies (significantly
different from the 38% D(M)FS PF for the nine studies which compared the gel with a no
treatment control group). The lack of significant differences between these two groups of studies
in the other individual reviews is likely to be due to an insufficient volume of data for the
varnish review (which included only seven studies) and the high preponderance of placebocontrolled mouthrinse trials and total preponderance of toothpaste trials in these reviews
respectively. Nevertheless, when restricting the analyses to placebo-controlled trials in the
varnish and mouthrinse reviews, consistently lower pooled estimates of effect were shown in
comparison with their no treatment subsets.

Previous systematic reviews have concluded that there is evidence for the effectiveness of
fluoride varnishes (Helfenstein and Steiner, 1994; 1994a) and fluoride gels (van Rijkom et al,
1998) in preventing dental caries. The caries reductions suggested for the permanent dentition
for fluoride varnishes and gels in the systematic reviews in this study are very similar to those
reported in the previous meta-analyses, in spite of substantial differences in selection criteria and
methods between the reviews. The meta-analysis on the caries preventive effect of fluoride
varnishes in permanent tooth surfaces (Helfenstein and Steiner, 1994) had found a 38% (95%
Cl, 19% to 57%) reduction in caries increment, and the meta-analysis on the caries preventive
effect of fluoride gels (van Rijkom et al, 1998) reported a pooled D(M)FS estimate of a 22%
(95% Cl, 18% to 25%).

In terms of absolute caries reductions per year in D(M)FS increments (in populations with caries
increments of around 2 D(M)FS per year), these ranged from 0.46 for fluoride gels to 0.74 for
fluoride varnishes (mouthrinses 0.56, toothpaste 0.62). The magnitude of the effect of each
topical fluoride was well illustrated in the reviews by presenting numbers of children needed to
treat (NNT) to prevent one D(M)FS (based on the pooled D(M)FS PF and on the caries
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increments in the control groups of the trials that contributed data to the meta-analysis).
However, NNT may reinforce the rationale for targeting preventive care to high-risk populations
leading to a failure to deal with those at lower risk in which the majority of new caries is likely
to occur, and the interpretation and application of these absolute results need to be made with
that caveat.

Further, based on the pooled results from all included studies comparing a topical fluoride
with a placebo or no treatment, there is strong evidence of a generalizable beneficial effect of
topical fluoride therapy (TFT). The random effects meta-analysis of the 133 trials combined
assessing the effect of all topical fluoride modalities on the permanent dentition suggests a
caries inhibiting effect of 26% on average; an approximate, though anti-conservative, interval
in which at most 95% of underlying effects might lie is from 0% to 53%. There was
substantial heterogeneity, but the direction of effect was consistent. The random effects meta
analysis of the five studies combined assessing the effect of topical fluorides on the
deciduous dentition suggests that the use of topical fluoride applications is associated on
average with a 33% (95% Cl, 22% to 44%) reduction in decayed, missing and filled tooth
surfaces. However, only five studies reported the effects of topical fluoride therapy on caries
increment in deciduous tooth surfaces, two of these tested self applications of fluoride gel
with a toothbrush and three studies tested fluoride varnish applications. It is still unclear
whether the cariostatic effectiveness of topical fluoride differs in permanent and primary
teeth (confidence intervals do overlap).

The conclusion that fluoride varnish, in particular, is effective for caries prevention in primary
teeth may be unique (33% d(e/m)fs PF; 95% Cl, 19% to 48%), it has not been advanced in
previous reviews. However, although the results are moderately consistent (I squared = 49%)
(Higgins et al, 2003), the confidence intervals around the effects estimates are relatively wide,
since few trials (some of lesser quality) were included in the meta-analysis. In fact, the
suggestion of a substantial caries-inhibiting effect of fluoride varnish in the permanent dentition
is based largely on a small number of trials that used no treatment controls. In addition, a
relatively large number of fluoride varnish studies, many published in the 1990s, were excluded
from the reviews due to poor methodological quality (in particular, due to absence of
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randomized or quasi-randomized allocation to treatment and absence of blind outcome
assessment), including those which were primarily excluded due to the use of a split-mouth
design. With the increasing interest in evidence-based dentistry over the past decade, one would
have hoped that more attention had been given to controlling threats to the internal validity of
the clinical trials that comprise that evidence.

Whilst robust evidence is available on effectiveness (which has confirmed the relative
effectiveness of topical fluorides), there was a general inability of the reviews to examine the
safety of the various topical fluoride interventions, as the trials rarely provided information on
adverse effects. Although disappointing, because safety issues should be important determinants
in both public health decisions and individual clinical decisions regarding their use, the lack of
direct evidence from topical fluoride trials on the risk of adverse effects is not totally
unexpected. Randomised controlled trials are the best way to evaluate small to moderate effects
of healthcare interventions, and much of the evidence for benefits from treatment comes from
such studies. However, problems with using randomised trials to assess and report harms have
been found in health care generally (Cuervo and Clarke, 2003). Some of these problems affect
systematic reviews directly. For example, identifying harms is difficult when the delay between
the intervention and the onset of side effects is long or when a cumulative exposure is necessary
to trigger the harms. The lack of data on enamel fluorosis in the toothpaste trials illustrates this
problem, and is likely, in part, to reflect the type of studies considered (RCTs), the age ranges of
the participants in such trials (5 year olds and above), and their usual duration (2 to 3 years).
Nevertheless, insufficient data from the trials on potential harms associated with toothpaste,
varnishes, gels and mouthrinses is unfortunate. The selection of appropriate concentrations of
fluoride in toothpaste for young children, for example, requires evaluation of how they may
affect fluorosis as well as caries in young children. Gels and mouthrinses are not generally
recommended for young children due to the risk of acute and chronic over ingestion
respectively, and even though varnishes are generally perceived to be safe and well accepted
(since relatively less fluoride needs to be applied, and in a relatively reduced time), there is still
a lack of evidence on safety and unclear evidence on acceptance. Patient acceptance of the
different topical fluorides was also scarcely assessed in the trials included in the reviews.
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This general scarcity of reliable evidence 6n relevant outcomes other than caries increment on
permanent teeth from experimental research makes it more difficult to weigh the benefits of
topical fluorides in preventing caries against potential harms. Although other sources of
evidence of harms such as observational studies might have been considered, these have
problems of their own, as it is difficult to know how many people have been exposed and the
susceptibility to bias is considerably greater. The reporting of adverse effects however might be
improved through initiatives such as CONSORT for randomised trials, and QUOROM for
reviews (Moher et al, 1999; Moher et al, 2001).

10.2.2 - Is the effect of TFT influenced by initial level of caries, background exposure to
other fluoride sources, mode/setting of use, fluoride concentration and frequency of use,
and the form of TFT used?

A secondary objective of this thesis was to exploit power to look at potential sources of
heterogeneity between studies across all four types of topical fluoride modalities and at indirect
comparisons of the different TFT types (Chapter 7). It was examined extensively whether there
was any relationship between the caries-preventive effectiveness of topical fluoride therapy
(compared to placebo/no treatment) and a number of factors, including initial level of caries,
background exposure to extraneous fluoride sources, mode/setting of TFT use and type of
topical fluoride intervention used. A significant influence of the pre-specified factors initial level
of caries, mode of use, and type of topical fluoride on the prevented fraction (PF) was shown in
the metaregression analyses performed. Among the other potential sources of heterogeneity
investigated, a significant influence of type of control group was shown.

A constant relative increase in the PF was detected as trials involved children with higher initial
D(M)FS scores. Although the magnitude of the effect of initial caries levels (baseline risk of the
study population) on the PF was small, this does imply that as the caries levels of a community
decline, the percentage caries reductions will decrease. It may be noted that baseline caries
prevalence, traditionally considered as the most useful stratifying variable or covariable in caries
trials (Downer et al, 1977), has also been used in the pre-selection of high risk subjects to
increase the sensitivity of caries trials for decades (Downer and Mitropoulos, 1984; Burchell et
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al, 1991). The complete reporting of these data in virtually all trials made it possible to
investigate the influence of baseline caries on the size of treatment effect reliably across all
topical fluorides. However, although the indication of a lower caries reduction at lower levels of
caries prevalence with the use of TFT may also represent the marginal percent reduction added
to existing fluoride sources, estimates that have emerged with this regard from this investigation
are at best approximate, since such data (on background exposure to other fluoride sources)
were not fully and consistently reported in all the trials (except for water fluoridation). A clear
relationship between background exposure to other fluoride sources and the magnitude of the
treatment effect could not be detected in any of the reviews. Although this may have been partly
influenced by potential misclassification, especially due to the incomplete reporting of data on
exposure to fluorides other than water (forcing a number of assumptions to classify the use of
toothpaste, for example), the lack of association between background exposure to water
fluoridation and treatment effect, based on analysis including 116 trials (20 of which were in
fluoridated areas), implies that estimates of treatment effect were similar between trials
conducted in fluoridated and non-fluoridated areas.

There was a significant decrease in the PF with the unsupervised home use of self applied
topical fluoride interventions (basically toothpaste) compared with self applied supervised and
with operator-applied use in the adjusted metaregression analysis. In addition, the effect of self
applied supervised use of TFT appeared to be greater than that of operator-applied and
unsupervised home use of TFT. These differences in treatment effect between trials of
supervised use and both unsupervised use and operator-applied use are perhaps unsurprising.
They are likely to reflect the more intensive use of topical fluoride interventions under
supervised schemes. As regards the suggested greater treatment effect with increased frequency
and intensity of topical fluoride application across topical fluoride treatments, this had been
indicated in most of the component reviews and should probably be more relevant in the context
of each, as discussed later in this section.

Treatment effects estimates from the trials that employed a no treatment control group were on
average 14% more beneficial than from those with a placebo control group. The strong evidence
on differences in effect estimates by type of control group shown in the ‘summary’ review
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(which included 116 placebo-controlled comparisons and 17 no-treatment control comparisons
in the analysis) had been clearly indicated in the fluoride gel review (which included 14
placebo-controlled studies and nine no-treatment control studies). As pointed out before, the
lack of significant differences between these two groups of studies in the other reviews may be
explained by an insufficient volume of data for the varnish review (which included only seven
studies) and the high preponderance of placebo-controlled mouthrinse trials and a total
preponderance of toothpaste trials in these separate reviews. Nevertheless, when restricting the
analyses to placebo-controlled trials in the varnish and mouthrinse reviews, consistently lower
pooled estimates of effect were shown in comparisons with their no treatment subsets. This
invigorates the discussion of the influence of study methods on effect estimates. Blind
assessment of outcome was an inclusion criterion used across all reviews but clearly participants
could not have been blinded in trials with no treatment controls. Although it is unclear why this
should have been associated with differences in outcome in these particular circumstances, type
of control group can be considered a useful 'proxy' for the use or not of double-blinding in
included studies, a key methodological feature that may represent the best indicator of study
quality in these reviews. Previous research has shown that lack of double-blinding is associated
on average with larger treatment effects (Schulz et al, 1995). With regard to the key quality
domain of allocation concealment, no association with treatment effect could be demonstrated
for this in any of the reviews, possibly due to the fact that the randomization process was poorly
described in the studies included and information on this aspect could only rarely be obtained
from trialists.

Most of the potential sources of heterogeneity were formally examined in the individual reviews
of topical fluorides (Chapters 3 to 6). As pointed out before, none of the reviews found a
significant association between treatment effect and exposure to fluorides from other sources.
Higher preventive fractions were significantly associated with higher initial levels of caries,
higher fluoride concentration and supervised toothbrushing in the fluoride toothpaste review,
and a significant effect of type of control group was indicated in the fluoride gel review. There
was also some evidence that frequency of use and/or fluoride concentration were associated
with a greater PF with fluoride gel, fluoride toothpaste, and fluoride mouthrinse, in each relevant
review. It should be noted, however, that in a few multiarm studies investigating combinations
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of concentrations-frequencies or testing two fluoride concentrations of the same TFT type, these
values were averaged over fluoride treatment groups to combine study results, a decision that
may have slightly affected these particular investigations of heterogeneity. Although
metaregression analyses including a large number of trials, like in the toothpaste review (and in
the mouthrinse and gel reviews to some extent), had sufficient power to detect such
relationships, more robust investigations of these aspects of the interventions require direct,
head to head comparisons of different fluoride concentrations and frequencies of application for
each relevant TFT, which were not within the scope of this thesis.

A significant influence of type of topical fluoride on the prevented fraction was shown from
adjusted indirect comparisons of all four TFT types (Chapter 7). Results suggested no
significant differences in treatment effects between fluoride gel, mouthrinse and toothpaste, but
significantly lower D(M)FS prevented fractions for fluoride gel, mouthrinse or toothpaste in
comparison with fluoride varnish. However, relatively few fluoride varnish trials were included
and very few among these were placebo-controlled trials, making it difficult to rule out the
possibility of an overestimation of the size of the differential effect (14% on average), due to the
preponderance of no treatment control fluoride varnish studies of lower methodological quality.
Moreover, these results should be interpreted with caution since the investigation of differences
between subgroups is effectively a non-randomized comparison, and is prone to all the
difficulties in inferring causality in observational studies. Nevertheless, the adjusted indirect
comparisons had the advantage that other possible explanations for heterogeneity in different
trials, including prognostic factors of participants (such as baseline caries levels and background
exposure to fluorides), intervention and actual trial characteristics, could be partially taken into
account. Another advantage was that uncertainty could be incorporated in the analyses’ results
by providing wider confidence intervals.

Although visual inspection of the funnel plots in the individual reviews (Chapters 3 to 6) and in
the ‘summary’ review (Chapter 7) may suggest a degree of asymmetry, the Egger formal test for
asymmetry (1997) provided no evidence of a significant relationship between trial size and
effect estimate. Publication bias is usually reported to result in a lower probability of publication
of small studies with negative effects, and there is no evidence that the smaller studies in the
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meta-analyses of D(M)FS PFs tend to show larger treatment effects. It should be noted however
that although no clear relationship between prevented fraction and precision could be observed
in the funnel plot of the seven studies in the meta-analysis of fluoride varnishes, power is limited
when only a few trials are included.

10.2.3 - Are there differences in the effects of the various forms of TFT either used
singly or in combination with each other?

The main question addressed by the 6^*^ review in this thesis (Chapter 8) is how effective the use
of one type of topical fluoride therapy (TFT) for the prevention of caries in children is compared
to another. The 15 studies included in the meta-analyses in this review covered nearly all the
range of direct head to head comparisons of possible practical value between fluoride
toothpastes, mouthrinses, gels and varnishes. Yet, there is a relatively small number of trials in
each main comparison/meta-analysis. The randomized evidence that was brought together is, as
far as one can ensure, the totality of the available randomized evidence comparing the relevant
topical fluoride modalities directly. There is a general lack of statistical significance for virtually
all meta-analyses’ results in this review. Further, for the great majority of comparisons, the
confidence intervals are relatively wide and the variation among the results of the studies can be
substantial. This calls for a cautious interpretation of the data.

Thus, based on the results from the single trial comparing professionally-applied fluoride
varnish and gel directly, there is insufficient evidence to confirm or refute a differential effect in
caries reduction between these two interventions (analysis of this trial showed a non-significant
effect in favour of fluoride varnish and a wide confidence interval for the estimate of effect).

The question of whether there was a beneficial effect from the use of fluoride mouthrinses
compared with professionally-applied TFTs (varnishes or gels) is addressed exclusively by the
meta-analysis of five trials of fluoride mouthrinse versus varnish (the only comparison of
fluoride gel and mouthrinse available, involved self-application of fluoride gel, and showed a
non-significant effect in favour of fluoride mouthrinse, and a wide confidence interval for the
estimate of effect). Although the random effects meta-analysis of the five trials produced a non
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significant result (of small magnitude) in favour of varnishes, when the analysis was restricted to
the subset of two double-blind trials (both cluster randomized trials comparing the same fluoride
varnish product used semi-annually with the same fluoride mouthrinse used fortnightly), the
difference in effect was reverted in favour of mouthrinses, but still not statistically significant.

It is interesting to compare these results with those of Strohmenger and Brambilla (2001). The
authors carried a systematic review on the anti-caries efficacy of fluoride varnishes using a
different and restrictive set of inclusion criteria, which resulted in the analysis of only three
studies. All three of these studies were comparisons of fluoride varnishes with fortnightly
fluoride mouthrinses at school, and were included in the present study. Again, although the
pooled estimate of the treatment effect in the meta-analyses by Strohmenger and Brambilla
favoured fluoride varnish, the results were not statistically significant.

The final objective of the review was a comparison between fluoride toothpastes and any other
modality of TFT (mouthrinses, gels or varnishes). Results for the separate subsets and for all the
data combined comparing toothpaste with either gel or mouthrinse are consistent with no
evidence of an important differential effect (relevant comparisons with useable data of fluoride
toothpaste and varnish were lacking).

These results, based on head to head comparisons, are generally in line with those from the
adjusted indirect comparisons, although significantly lower D(M)FS prevented fractions for
fluoride gel, mouthrinse or toothpaste in comparison with fluoride varnish were shown in the
adjusted analyses. Empirical evidence indicates that in most cases results of adjusted indirect
comparisons are not significantly different from those from direct comparisons (Song et al,
2003), and when direct evidence is available but insufficient, the adjusted indirect comparison
may provide supplementary information (Higgins and Whitehead, 1996). With new methods
being developed to formally combine data from direct and indirect evidence (Higgins, personal
communication), these could usefully strengthen conclusions based on the pooled results from
the direct comparisons in future updates of the Cochrane reviews (especially since there are
concerns about the methodological quality of a few fluoride varnish trials).
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The main question addressed by the last review in this thesis (Chapter 9) is how effective the
simultaneous use of combined topical fluoride therapy (TFT) for the prevention of caries in
children is compared to one topical fluoride treatment used alone. The 11 studies included in the
seven meta-analyses (or in the nine comparisons) have not tested all combinations of possible
practical value, and there is a small number of trials in each relevant comparison/meta-analysis.
Again, the randomized evidence brought together is likely to be the totality of the available
randomized evidence comparing the combined use of any two topical fluoride modalities with
one of them used alone. Although there is a suggestion of a modest caries inhibiting effect with
the combined use of topical fluorides in the permanent dentition for most of the comparisons, a
general lack of statistical significance is apparent. This calls for a cautious interpretation of the
data.

Thus, for the primary objective of the review, there is evidence showing that simultaneous use
of a topical fluoride treatment with fluoride toothpaste results in an enhanced caries inhibiting
effect compared with the use of toothpaste alone. Over 4000 children were included in the trials,
and for the majority of children the combined topical fluoride regimen they used at the same
time was toothpaste and mouthrinse, followed by toothpaste and gel, and toothpaste and varnish.
The random effects meta-analysis of the nine studies assessing the effect of fluoride
mouthrinses, gels or varnishes used in combination with fluoride toothpaste on the permanent
dentition suggests that their combined use is associated on average with a 10% (95% Cl, 2% to
17%) reduction in decayed, missing and filled tooth surfaces. It may be noted that whilst there is
evidence that additional caries protection accrues from their combined use, the size of the
estimated benefit, of the order of 10%, is not substantial. Further, in populations with a caries
increment of 2.5 D(M)FS per year (at the highest range of the results seen in the included
studies), this implies an absolute caries reduction of 0.25 D(M)FS per year. At lower levels of
caries in children using fluoride toothpaste, the preventiveness of combinations of fluorides is
even lower. There was only one trial assessing the effect of the combined use of topical
fluorides with toothpaste on the deciduous dentition. This compared varnish plus toothpaste
versus toothpaste alone and suggests a 15% reduction in decayed and filled tooth surfaces in
favour of the combined therapy, but it is unclear whether the effect was significant.
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To what extent statistically significant caries reductions in the order of 10% should be
considered important? Some authorities have advocated the use of arbitrary thresholds that
indirectly define clinical significance for anticaries products. For example, the American Dental
Association produced guidelines proposing that a toothpaste cannot be claimed to be superior to
another unless it provides a 10% difference in effect (just the size of the difference for the
simultaneous use of TFT and fluoride toothpaste in this review) (CDT, 1988). The trials in a
review may give a power calculation that specifies the size of effect the trialists considered
being important, which may be preferred to the use of arbitrary thresholds. In this review this
was provided in the trial by Blinkhorn et al (1983), which had an 80% power to detect a 25%
difference between the combined TFT group (toothpaste and mouthrinse in this trial) and the
fluoride toothpaste group. Taking this as the clinically important difference indicates that the
combined use of toothpaste with other TFTs had no greater effect than toothpaste used alone.

A secondary objective of the review was to examine whether there was a beneficial effect in
terms of caries prevention from the addition of each TFT modality to toothpaste separately
compared to toothpaste alone or from the combined use of any other two TFT modalities
separately compared to one of them alone. A differential effect could only be detected from two
of the seven available comparisons. However, the evidence from one single small trial, which
was not carried out double-blind, of a significant differential effect in caries reduction favouring
the combined use of fluoride varnish and toothpaste over toothpaste alone should be viewed
with caution, as this is far from definite. Further, there is evidence of an increased benefit with
the use of fluoride gel and mouthrinse compared to fluoride gel alone, and no suggestion of a
significant beneficial effect with the use of fluoride mouthrinse and gel compared to mouthrinse
alone. This finding may in fact indirectly suggest that larger caries reductions may be achieved
with fluoride mouthrinse used singly, as opposed to the single use of fluoride gel.

As was generally the case for all other reviews in this thesis, we found no useful information in
the trials included in these last two reviews about potential adverse effects. However, if children
are allocated to fluoride toothpaste they appear to be more likely to stay in the study than if they
are given single alternative forms of topical fluoride therapy.
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Finally, it should be pointed out that when two methods of applying topical fluoride are already
in use in a population, additional benefits may, indeed, be small, especially when the measures
act identically or by similar mechanisms (it is conceivable that the combined effect is not
proportionally larger than that of one or the other measure alone). Thus, even with additional
caries protection accruing from some of the combined preventive regimens, the additional
cariostatic effect may be slight and not worth the extra effort with the use of a second
intervention.

10.3 - Further methodological considerations

The findings of the present study should be considered in relation to its methodological
strengths and weaknesses, many of which have already been highlighted.

This study is an improvement on most previous systematic reviews on the effectiveness of
topical fluorides for three main reasons. First, essentially identical methodological approaches
have been used to conduct every review in this thesis. One of the advantages of the preparation
of a series of reviews on the effects of topical fluorides in this manner, beyond the ability to
bring all the evidence together in a consistent way, is that the various interventions can be
sensibly compared with each other as similar methodology and outcome measures have been
used throughout, and results are not interpreted in isolation. Second, the attempt to identify all
(or nearly all) of the relevant trials with a comprehensive search strategy (covering at least 13
databases) meant that as much as possible of the randomized evidence was considered in both
the qualitative and quantitative analyses in order to minimise bias and improve precision and
generalisability. It also meant that because a sufficiently large number of studies of acceptable
quality were considered, the use of a powerful extension of meta-analyses, univariate and
multivariate metaregression analyses, could be generally performed to investigate the separate
and simultaneous effects of several important covariates on treatment effect. Third, being
prepared and published as Cochrane reviews ensures per se methodological rigour in the
process, and the unique advantage that one can be confident in having access to reliable
evidence that will be updated regularly as new evidence emerges and in response to comments
and criticisms.
8 6

The study does have limitations. One obvious weakness of the study relates to the inability to
independently assess inclusion criteria and perform all data extraction from all studies in
duplicate. Due to the considerable amount of data involved, such step proved very difficult in
practical terms. However, approximately one third of studies in the various reviews were
independently selected, data extracted and quality assessed in duplicate, and although checking
of interobserver reliability was limited to validity assessments, agreement between reviewers
was good. In addition, any study that could not be classified by the first reviewer or that posed
doubts during quality assessment or data extraction was independently assessed by a second
reviewer (and a third reviewer was consulted where necessary to resolve any uncertainty).
Moreover, one should not forget that because Cochrane reviews are frequently updated, it is
possible that data extraction is performed in duplicate in the future.

Another possible weakness of the study relates to the absence of a consumer’s perspective
centred around the appropriate interpretation of results and conclusions drawn from the reviews
(and indeed on the selection of relevant outcomes, had the general lack of outcome measures
other than caries increment not represented an inherent limitation). Members of the review team,
advisory panel and in the external peer review process for the Cochrane reviews have been
selected because of their knowledge in the field and because of their previous experience with
clinical trials and/or systematic reviews. In order to make the study more open to relevant views,
there is the approach to encourage the use of the ‘comments and criticisms’ function for
Cochrane reviews, which is, nevertheless, a later possibility to accommodate a greater diversity
of relevant views.

A set of a priori rules to choose the primary outcome data for analysis from each study meant
that some important data that had actually been coded had to be given a lower priority. For
example, data for 'all surface types combined' were chosen over data for 'specific types' only;
data for 'all erupted and erupting teeth combined' were chosen over data for 'erupted' or
'erupting' teeth only, and so on. In the context of the toothpaste review in particular, it can be
argued that data on ‘teeth erupting only’ are given low priority, as these data might provide
insight into the ‘real life’ effect of fluoride toothpastes which are used, in the main, during the
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time the dentitions are erupting. In order to answer the main questions of the thesis as
objectively as possible these data were not analysed separately (in general, data on the state of
tooth eruption considered in the trials were not clearly specified in many trials). Nevertheless,
extended analyses of relevant specific data sets, where these are reliably reported, can still be
considered in future updates of the Cochrane reviews.

Finally, one should not forget that associations between the various sources of heterogeneity
investigated and treatment effects are subject to the potential biases of observational studies.
Confounding could thus exist between the factors investigated and other characteristics of the
trials (such as the characteristics of participants or interventions). Therefore, even though an
unusually large number of studies were included in most analyses, all metaregression results
should be interpreted with a degree of caution given the observational nature of the comparisons
and the large number of comparisons made, and, of course, no causal inferences should be
made.

10.4 - Conclusions

The main conclusions of the present study with implications for practice and research are now
briefly outlined;

■ 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. Regular toothbrushing with a fluoride toothpaste reduces the incidence of
dental caries in children by about 24% (95% Cl, 21% to 28%). The effect of fluoride toothpaste
increased with higher baseline levels of D(M)FS, higher fluoride concentration, and supervised
brushing, but was not influenced by exposure to water fluoridation. Based on the direct evidence
from clinical trials, the review was unable to reach any conclusion about any effects that
fluoride toothpastes might have on fluorosis (data on fluorosis was not recorded in the trials).
Further research to identify the appropriate concentrations of fluoride in toothpaste for pre
school children must include assessments of potential benefits and harms, as young children
often ingest toothpaste during toothbrushing.
8 8

■ Supervised regular use of fluoride mouthrinse at two main strengths and rinsing frequencies
is associated with a clear reduction in caries increment in children (26% D(M)FS PF; 95% Cl,
23% to 30%). Based on the direct evidence from clinical trials, the review does not provide
usefiil information on the likelihood of significant side effects with the use of fluoride
mouthrinse, and inconclusive information on acceptability. Further research is needed on
adverse effects and acceptability of mouthrinses.

■ There is clear evidence of a caries-inhibiting effect of fluoride gel. The best estimate of the
magnitude of this effect, based on the 14 placebo-controlled trials, is a 21% reduction (95% Cl,
14% to 28%) in D(M)FS. Further research is needed to identify and quantify potential harmful
effects and acceptability of fluoride gels.

■ A substantial caries-inhibiting effect of fluoride varnish in both the permanent (46%
D(M)FS PF; 95% Cl, 30% to 63%) and the deciduous dentitions (33% d(e/m)fs PF; 95% Cl,
19% to 48%) is suggested, based largely on trials with no treatment controls. Given the
relatively poor quality of most of the included studies and the wide confidence intervals around
the estimates of effect, there remains a need for further trials. It is important that these trials
should be of high quality and include assessments of potential adverse effects and acceptability.

■ There is strong evidence of a generalizable beneficial effect of topical fluoride therapy
(TFT). A caries inhibiting effect of 26% on average is suggested based on a sizeable body of
evidence from randomized controlled trials. There was substantial heterogeneity, confirmed
statistically, but the direction of effect was consistent. D(M)FS PF was on average 14% (95%
Cl, 5% to 23%) higher in non-placebo controlled trials, 14% (95% Cl, 2% to 26%) higher in
fluoride varnish trials compared with all others, and - 10% (95% Cl, -17% to -3%) lower in
trials of unsupervised home use compared with self applied supervised and operator-applied.
There was a 0.7% increase in the PF per unit increase in baseline caries (95% Cl, 0.2% to
1.2%), but the effect was not influenced by exposure to water fluoridation or other fluoride
sources. While the formal examination of sources of heterogeneity between studies has been
important in the overall conclusions reached, these should be interpreted with caution. The
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evaluation of possible differences in effect associated to topical fluoride application features,
such as application frequency or fluoride concentration, should be based on trials that directly
address the comparison of such features. No definite conclusions about any adverse effects that
might result from the use of topical fluorides could be reached, because data reported in the
trials are scarce.

■ Few trials are included in each main comparison/meta-analysis estimating the effects of
competing topical fluoride interventions. Fluoride toothpastes in comparison to mouthrinses or
gels appear to have a similar degree of effectiveness for the prevention of dental caries in
children. There is no clear suggestion that fluoride varnish is more effective than mouthrinses
from the direct comparisons in the meta-analysis, and the evidence for the comparative
effectiveness of fluoride varnishes and gels, and mouthrinses and gels is inconclusive. No
conclusions about adverse effects could be reached, because no data were reported on in the
trials. Acceptance is likely to be greater for fluoride toothpaste. Taking the available results from
indirect evidence into account as well, there may be a suggestion for the performance of
additional larger studies of higher methodological quality to determine whether fluoride
varnishes are more effective in caries prevention than other topical fluorides. Such trials should
include assessments of potential adverse effects and acceptability.

■ There is a general lack of randomized trial evidence evaluating the use of different
combinations of topical fluorides for the prevention of dental caries in children, and, therefore, a
modest treatment effect may have been missed for most relevant comparisons available.
Fluoride mouthrinses, gels, or varnishes used in addition to fluoride toothpaste achieve a 10%
average reduction in caries compared to toothpaste used alone. Not all other combinations of
possible practical value were tested in the trials and no other combinations of TFT were
consistently superior to a single TFT. The only other significant result was in favour of the
combined use of fluoride gel and mouthrinse in comparison to gel alone, based on two trials
only. No conclusions about any adverse effects could be reached, because data are scarcely
reported in the trials. The lack of a clear suggestion of significant benefits from the data
analysed in the majority of the comparisons may not indicate priority for the performance of
new studies.
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10.5 - Dissemination of findings

Thus far the findings of the first systematic review that was published in 2002 in The Cochrane
Database of Systematic Reviews (CDSR) - Fluoride gels for preventing dental caries in children
and adolescents - have been presented at a Conference in Brazil:

■ Marinho, V. An introduction to Evidence-Based Dentistry. 2nd Annual Oral Health
Promotion Seminar, Axelsson Center, Sao Paulo, Brazil - 26 April 2002.

There are five reviews published in The Cochrane Library (CDSR) and two reviews, the 6* and
the 7*, going through external peer review to be published in Issue 1, 2004. Citation details for
all reviews and protocols published in the Cochrane Library, Issue 4, 2003 are as follows:

Published Reviews (The Cochrane Library, Issue 4, 2003):
1. Marinho VCC, Higgins JPT, Logan S, Sheiham A. Fluoride gels for preventing dental caries
in children and adolescents. (Cochrane Review). First published In: The Cochrane Library,
issue 2, 2002. Oxford: Update Software.
2. Marinho VCC, Higgins JPT, Logan S, Sheiham A. Fluoride varnishes for preventing dental
caries in children and adolescents. (Cochrane Review). First published In: The Cochrane
Library, issue 3, 2002. Oxford: Update Software.
3. Marinho VCC, Higgins JPT, Sheiham A, Logan S. Fluoride toothpastes for preventing
dental caries in children and adolescents. (Cochrane Review). First published In: The
Cochrane Library, issue 1, 2003. Oxford: Update Software.
4. Marinho VCC, Higgins JPT, Logan S, Sheiham A Fluoride mouthrinses for preventing
dental caries in children and adolescents. (Cochrane Protocol). First published In: The
Cochrane Library, issue 3, 2003. Oxford: Update Software.
5. Marinho VCC, Higgins JPT, Logan S, Sheiham A Topical fluorides (toothpastes,
mouthrinses, gels or varnishes) for preventing dental caries in children and adolescents.
(Cochrane Protocol). First published In: The Cochrane Library, issue 4, October 2003.
Oxford: Update Software.
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Published Protocols (The Cochrane Library, Issue 4, 2003);
1. Marinho VCC, Higgins JPT, Logan S, Sheiham A. One topical fluoride (toothpastes,
mouthrinses, gels or varnishes) versus another for preventing dental caries in children and
adolescents. (Cochrane Protocol). First published In: The Cochrane Library, issue 4,
October 2000. Oxford: Update Software.
2. Marinho VCC, Higgins JPT, Logan S, Sheiham A. Combinations of topical fluorides
(toothpastes, mouthrinses, gels or varnishes) versus one topical fluoride for preventing
dental caries in children and adolescents. (Cochrane Protocol). First published In: The
Cochrane Library, issue 4, October 2000. Oxford: Update Software.

There is one paper from the systematic review on the effectiveness of fluoride gels:

■ Marinho, V.C., Higgins, J.P., Logan, S., and Sheiham, A. Systematic review of controlled
trials on the effectiveness of fluoride gels for the prevention of dental caries in children.
J.Dent.Educ. 67(4):448-58, 2003.

There is one book chapter (book in press) where the findings of the four individual Cochrane
reviews on the effects of fluoride gels, varnishes, mouthrinses and toothpastes are reported and
discussed:

■ Marinho V C C. Effective caries prevention with fluorides. In: Oral Health Promotion for
Children. Edited by Bonecker M, Sheiham A. Sao Paulo: Livraria Editora Santos; Paediatric
Dentistry handbooks Series - in press.

Discussions on which Joumal(s) to publish the series of reviews and on the best approaches to
achieve this effectively are currently taking place.
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analyses
A.2- Cochrane Optimal Search Strategy for Randomized
Controlled Trials (RCTs)
A 3- Search phrases used according to database searched
in the preliminary stage (1997)
A.4- Search phrases used according to database searched
from 1998 onwards
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Appendix A. Section 1: MEDLINE search strategy for reviews/meta-analyses
(using Silverplatter software)
SilverPlatter ASCII 3.0DOSNSelected Databases
(explode FLUORIDES/ all subheadings) or (explode FLUORIDES-TOPICAL/ ALL SUBHEADINGS) or
(FLUOR*)
(explode "DENTAL-CARIES" / ALL SUBHEADINGS) or (CARI*) or (explode "DMF INDEX" / ALL
SUBHEADINGS) or (DMF*))
(explode CARIOSTATIC-AGENTS/ all subheadings) or (ANTICARI* or ANTI CARI*)
(TG=ANIMAL) not ((TG=HUMAN) and (TG=ANIMAL))
#2 or #3
#1 and #5

#6 not #4
REVIEW -ACADEMIC in PT
REVIEW -TUTORIAL in PT
META-ANALYSIS in PT
SYSTEMATIC* near REVIEW*
SYSTEMATIC* near OVERVIEW*
METAANALI* or M ETA ANALI*
METAANALY* or M ETA ANALY*
METANALY*
MET ANALI*

#8 or #9
#17 and #7
#10 or #11 or #12 or #13 or #14 or #15 or #16
#19 and #7

115

Appendix A. Section 2: Search strategy for RCTs
((TG=ANIMAL) not ((TG=HUMAN) and (TG=ANIMAL)) ]= #6
[#5 (subject search) not #6]
RANDOMIZED-CONTROLLED-TRIAL in PT
CONTROLLED-CLINICAL-TRIAL in PT
RANDOMIZED-CONTROLLED-TRIALS
RANDOM-ALLOCATION/ ALL SUBHEADINGS
DOUBLE-BLIND-METHOD/ALL SUBHEADINGS
SINGLE-BLIND-METHOD

#8 or #9 or #10 or # I 1 or #12 or #13
#7 and #14
CLINICAL-TRIAL in PT
explode CLINICAL-TRJALS/ all subheadings
(CLIN* near TRIAL*) in TI
(CLIN* near TRIAL*) in AB
((SINGL* or DOUBL* or TREBL* or TRIPL*) near (BLIND* or MASK*)) in Tl
((SINGL* or DOUBL* or TREBL* or TRIPL*) near (BLIND* or MASK*)) in AB
PLACEBOS
PLACEBO* in TI
PLACEBO* in AB
RANDOM* in Tl
RANDOM* in AB
RESEARCH-DESIGN/ ALL SUBHEADINGS
#16 or #17 or #18 or #19
#20 or #21 or #22 or #23 or #24
#25 or #26 or #27
#28 or #29 or #30
#7 and #31
TG=C0MPARAT1VE-STUDY
explode EVALUATION-STUDIES/ all subheadings

FOLLOW-UP-STUDIES
PROSPECnVE-STUDlES
(CONTROL* or PROSPECTIVE* or VOLUNTEER*) in Tl
(CONTROL* or PROSPECTIVE* or VOLUNTEER*) in AB
#33 or #34 or #35 or #36 or #37 or #38
#7 and #39
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Appendix A. Section 3: Subject search phrases and modified methodological filters
according to database searched in 1997 (all databases searched from date of inception)

MEDLINE - searched (from 1966 to 1997) using two overlapping but complementary subject search
phrases (which included ‘free text’ and ‘controlled vocabulary’ terms):
(a) [("D E N T A L -C A R IE S " explode all subheadings or
subheadings or

"D E N T A L -C A R IE S -S U S C E P T IB IL IT Y "

(("F L U O R ID E S "
FLUOR*

explode all subheadings or

or A M F or A M IN E F O R

"D E N T A L -P R O P H Y L A X IS "

subheadings or
A N T IC A R I*

or A N T I

TO O TH PA STE*
R IN S*

C A R I*

or T O O T H

"F L U O R ID E S ,-T O P IC A L "

F OR

explode all subheadings or

N A F O R S O D IU M

"D E N T IF R IC E S "

explode all

or V A R N ISH * or L A C Q U E R * or D U R A P H A T or G E L * or

PA STE*

or PA ST E * or D E N T IF R IC * or M O U T H R IN S * or M O U T H
W A SH *))].

(b) [((explode F L U O R ID E S / all subheadings) or (explode F L U O R ID E S -T O P IC A L /
or

(F L U O R *)

or (A M F or A M IN E

ALL

F O R SN F2 O R S T A N N O U S F O R N A F O R

S O D IU M F O R A P F O R M F P O R S M F P O R M O N O F L U O R * O R D U R A P H A T ))
(D M F *)

APF

explode all subheadings or C A R IO S T A * or PR O P H Y L A * or

or R IN S* or M O U T H W A S H * or M O U T H

S U B H E A D IN G S )

F OR

or ("C A R IO S T A T IC -A G E N T S " explode all subheadings

explode all subheadings or

"M O U T H W A S H E S "

all

all subheadings or C A R IE * or D M F *) and

SN F2 O R ST A N N O U S

OR SM FP OR M FP O R M O N O FLU O R *)

or

"D E N T A L -C A R IE S -A C T IV n T -T E S T S "

and ((C A R I*) or

or (T O O T H * ) or (T E E T H * ) or (D E N T * in T I, in A B , in M E S H )) or ((explode

C A R IO S T A T IC -A G E N T S /

all subheadings) or (A N T IC A R I* or A N T I

M OUTHW ASH ES/

all subheadings) or (M O U T H W A S H * or M O U T H

or M O U T H

or (V A R N IS H * or L A C Q U E R *))].

R IN S *)

C A R I*)

or (explode

W A S H *)

or (M O U T H R IN S*

EMBASE - searched (from 1980 to 1997) using two overlapping but complementary subject search
phrases (which included ‘free text’ and ‘controlled vocabulary’ terms):
(a) [((dental caries in thesaurus) or (tooth disease in thesaurus - all subheadings) or (tooth infection in
thesaurus - all subheadings) or (tooth pain in thesaurus - all subheadings) or (carie* or dmf*)) and
(((fluoride in thesaurus) or (fluoride varnish in thesaurus) or (acidulated fluorophosphate in thesaurus)
or (fluoride sodium in thesaurus) or (fluor*) or (amf) or (amine f) or (sn£2) or (stannous f) or (naf) or
(sodium f) or (smfjp) or (mfp) or (monofluor*) or (duraphat*)) or ((anticaries agent in thesaurus) or
(preventive dentistry in thesaurus - all subheadings) or (caries prevention in thesaurus) or (fluoridation
in thesaurus) or (mouth hygiene in thesaurus) or (tooth brushing in thesaurus) or (toothpaste in
thesaurus) or (cariosta*) or ( prophyla*) or (anticari*) or (anti cari*) or (gel*) or (varnish*) or
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(lacquer*) or (dentifric*) or (toothpaste*) or (tooth paste*) or (mouthrins*) or (mouth rins*) or (rins*)
or (mouthwash*) or (mouth wash*)))].

(b) [((fluoride in thesaurus) or (fluoride sodium in thesaurus) or (fluor*) or (amf) or (amine f) or
(snf2) or (stannous f) or (naf) or (sodium f) or (smlp) or (mfp) or (monofluor*) or (duraphat*)) and
(((dental caries in thesaurus) or (tooth disease in thesaurus - all subheadings) or (tooth infection in
thesaurus - all subheadings) or (tooth pain in thesaurus - all subheadings) or (cari*) or (dmf*) or
(tooth*) or (teeth*) or (dent*)) or ((anticaries agent in thesaurus) or (preventive dentistry in thesaurus
- all subheadings) or (caries prevention in thesaurus) or (fluoridation in thesaurus) or (mouth hygiene
in thesaurus) or (tooth brushing in thesaurus) or (toothpaste in thesaurus) or (anticari*) or (anti cari*)
or (mouthrins*) or (mouth rins*) or (mouthwash*) or (mouth wash*)))].

These phrases were combined with the following methodological filter for RCTs (which included
‘controlled vocabulary’ and ‘free text’ terms):
[(random*) or ((singl* or doubl* or tripl* or trebl*) and (blind* or mask*)) or (clinical trial in
thesaurus - all subheadings) or (controlled study in thesaurus - all subheadings) or (drug comparison
in thesaurus - all subheadings) or (placebo in thesaurus - all subheadings) or (din* trial*) or (control*
trial*) or (control* stud*) or (placebo*) or (comparison in thesaurus) or (comparati* or evaluati* or
volunteer*)].

BIOSIS (Biological Abstracts) - searched (from 1982 to 1997) using a subject search phrase which
included ‘free text’ terms only:
[(fluor* or ppmf or ppm f or amf or amine f or snf2 or stannous f or naf or sodium f or apf or smfp
or mfp or monofluor* or duraphat*) and (cari* or dmf* or tooth* or teeth* or dent* or prevent* or
anticari* or anti cari* or mouthwash* or mouth wash* or mouthrins* or mouth rins* or lacquer* or
varnish*)].

This was combined with the following methodological filter:
[(random*) or (din* trial*) or ((singl* or doubl* or tripl* or trebl*) and (blind*, mask*)) or
(placebo*) or (control* trial*)].

SCI (Science Citation Index) - searched (from 1981 to 1997) using the same subject search phrase
described for BIOSIS:
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[(fluor* or ppmf or ppm f or amf or amine f or snf2 or stannous f or naf or sodium f or apf or sm^
or m% or monofluor* or duraphat*) and (cari* or dmf* or tooth* or teeth* or dent* or prevent* or
anticari* or anti cari* or mouthwash* or mouth wash* or mouthrins* or mouth rins* or lacquer* or
varnish*)].

This was combined with the following methodological filter:
[random* or blind* or mask* or (din* and trial*) or (control* and trial*) or placebo*].

SSCI (Social Science Citation Index) and ISTP (Index to Scientific and Technical Proceedings) both also searched (from 1981 to 1997 and from 1982 to 1997 respectively) using the same subject
search phrase described for BIOSIS, without a methodological filter.

DISSERTATION ABSTRACTS - searched (from 1981 to 1997) using the subject search phrase
(which included ‘free text’ and ‘controlled vocabulary’ terms):
[((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 ((explode "HEALTHSCIENCES,-DENTISTRY") or (explode "HEALTH-SCIENCES,-PUBLIC-HEALTH") or (CARI*)
or (DMF*) or (TOOTH*) or (TEETH*) or (DENT*)or PREVENT* or (ANTICARI* or ANTI
CARI*) OR (MOUTHWASH* OR MOUTH WASH*) OR (MOUTHRINS* OR MOUTH RINS*)
OR (VARNISH* OR LACQUER*))].

This was combined with the following methodological filter for RCTs:
[(CUN* and TRIAL*) or (CONTROL* and TRIAL*) or (RANDOM*) or (PLACEBO*) or
(BLIND*) or (MASK*) or (PROSPECTIV* or VOLUNTEER* or COMPARATTV*) or ( FOLLOWUP*)].

CINAHL - searched (from 1982 to 1997) using subject search phrase only (which included ‘free text’
and ‘controlled vocabulary’ terms):
[((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 ((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*) or (CARI*) or (DMF*) or (TOOTH*) or
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(TEETH*) or (DENT*) or (explode "PREVENTIVE-DENTISTRY7 all subheadings or
"PREVENTIVE-TRIALS7 all subheadings or explode "CENTERS-FOR-DISEASE-CONTROLAND-PREVENTI0N-(U.S.)7 all subheadings or "PREVENTIVE-HEALTH-CARE))]

ERIC - searched (from 1966 to 1996) using subject search phrase only (which included ‘free text’
and ‘controlled vocabulary’ terms):
[((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 ((explode "DENTALEVALUATION") or (explode "DENTAL-ASSISTANTS") or (explode "DENTISTRY") or (explode
"DENTAL-CLINICS") or (explode "DENTAL-HEALTH") or (explode "DENTAL-HYGIENISTS")
or (explode "DENTAL-TECHNICIANS ") or (explode "DENTAL-SCHOOLS") or (explode
"DENTAL-STUDENTS") or (explode "DENTISTS") or (explode "HEALTH-PROMOTION") or
(explode "PREVENTION") or (explode "PREVENTIVE-MEDICINE") or (explode "EFFECTSIZE") or (explode "COST-EFFECTIVENESS") or (explode "COST-EFFECTIVENESS") or
(explode "ECONOMIC-IMPACT") or (explode "EFFICIENCY") or explode "PUBLIC-HEALTH"
or (CARI*) or (DMF*) or (TOOTH*) or (TEETH*) or (DENT*) or PREVENT* or (ANTICARI* or
ANTI CARI*) OR (MOUTHWASH* OR MOUTH WASH*) OR (MOUTHRINS* OR MOUTH
RINS*) OR (VARNISH* OR LACQUER*))].

LILACS/BBO (Latin American and Caribbean Health Sciences Literature/ Brazilian Bibliography of
Dentistry) - searched (from 1982 to 1997) using the subject search phrase (‘free text’ subject terms
only):
[(fluor* or ppmf or ppm f or amf or snf2 or naf or apf or mfp or monofluor* or dur^hat*) and
(carie* or dmf* or cpo* or tooth* or teeth* or dent* or anticari* or cario* or (mouthrins*) or (mouth
rins*) or (mouthwash*) or (mouth wash* or bochecho* or enjuagatorio* or varnish* or vemiz*)].

This was combined with a methodological filter for RCTs:
[random* or aleatori* or acaso* or azar* or blind* or mask* or cego* or cega* or ciego* or placebo*
or ((clinical* or clinico*) and (trial* or ensaio* or stud*)) or ((control*) and (trial* or ensaio* or
estud*))].
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Appendix A. Section 4: Search phrases according to database searched from 1998 to 2000
(databases searched from date of inception)

LILACS/BBO - searched in 1999 (from 1982 to 1998) using subject search terms from the previous
search and additional subject search terms (‘free text’ only), combined with a methodological filter
for RCTs:
[(fiuorS or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluor$ or duraphatS) and
(carieS or dmf$ or cpo$ or tooth$ or teethS or dent$ or dientS or anticarieS or cario$ or mouthrinsS or
mouth rins$ or rinse$ or bochech$ or enjuagS or vemizS or vamish$ or bamiz$ or laca$ or gel or
gels)] and [randomS or aleatoriS 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 (controls and (trialS or ensaioS or
estudS))].
MEDLINE - searched (from 1966 to January 2000) using four supplementary subject search phrases
(including 'free text' and 'controlled vocabulary' terms), formulated around three concepts each (the
relevant topical fluoride therapy (TFT), fluoride and caries), and without methodological filters:
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/ 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
(1) (TOOTHPASTE* or TOOTH* PASTE* or DENTIFRICE* or PASTE*) or (explode
"DENTIFRICES "/ all subheadings)].
(2) ((RINS* or MOUTH* RINS* or WASH* or MOUTH* WASH*) or (MOUTHRINS* or
MOUTHWASH*)) or (explode "MOUTHWASHES "/ all subheadings)].
(3) (FLUOR* or ...or ELMEX* or (explode "FLUORIDES "/ ALL SUBHEADINGS))
and (GEL* or TRAY*)].
(4) (FLUOR* or (DURAPHAT* or FLUOR PROTECTOR*) or (explode "FLUORIDES"/ ALL
SUBHEADINGS)) and (VARNISH*) or (LACQUER* or LAQUER*) or (VERNIZ*) or
(LACKER*) or (LAKK*) or (SILANE* or POLYURETHANE*)].
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APPENDIX B
Recruitment of Panel of Consultants
B .l- First standard letter
B.2- Second standard letter
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Appendix B. Section 1; First standard letter sent to advisory panel members

Professor Ken Stephen
Department of Adult Dental Care
University of Glasgow Dental School
378 Sauchiehall Street
Glasgow G2 3JZ, UK

London, 2nd December 1996

Dear Professor Stephen,

The NHS has recently established the Systematic Reviews Training Unit (SRTU) to train
health professionals in the conduct of systematic reviews.

As a trainee in the Unit, working in conjunction with Professor Aubrey Sheiham (UCL), I am
undertaking a systematic review of the effect of topical fluorides on preventing caries in
children and adolescents.

The protocol for the review has been developed according to the standards of the Cochrane
Collaboration Handbook and CRD guidelines, and it has been accepted, by the Cochrane
Oral Health Group Coordination, to be entered in the Cochrane Database of Systematic
Reviews (CDSR) as a title.

At our last meeting with Dr Stuart Logan, SRTU Director, he suggested recruiting an
external advisory group basically to help to fine-tune the review. I do not think the work will
be very time consuming. Members of the advisory group will discuss the specific questions
the review is/should be addressing, help clarify the appropriate comparisons to set up, and
provide advice about the content of the report and its dissemination later in the process. In
practical terms this would mean reading and commenting on the review protocol and reading
an early draft of the final report. If members of the panel felt it would be useful we would
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convene a meeting in London where the panel could meet with the researchers. We would be
able to pay travel expenses if this was arranged.

Being very active in the field of caries-preventive clinical trials, with an invaluable
contribution to the field, we would like to invite you to join the panel. Other potential
contributors are Dr Ruth Holt (Eastman Dental Hospital, London) and Dr Helen Worthington
(Turner Dental School, Manchester).

Hoping you will accept our invitation, I look forward to hearing from you.

With kind regards,

Yours sincerely.

Valeria Marinho
Department of Epidemiology and Public Health
University College London
1-19 Torrington Place
London W CIE 6BT
e-mail : Valeria@public-health. ucl.ac.uk

Professor Aubrey Sheiham
Department of Epidemiology and Public Health
University College London
1-19 Torrington Place
London W CIE 6BT
e-mail ; Valeria@public-health.ucl.ac.uk
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Appendix B. Section 2: Second standard letter sent to advisory panel members

Professor Kenneth Stephen
Department of Adult Dental Care
University of Glasgow Dental School
378 Sauchiehall Street
Glasgow G2 3JZ, UK

London, 21st January 1997

Dear Professor Stephen,

Thank you very much for offering to help in the systematic review on the effectiveness of
topical fluorides. We will be able to have a range of views while clarifying the relevant
issues on this topic since Dr Worthington and Dr Holt have also agreed to assist.

I have attached the review aims/objectives/hypotheses and inclusion criteria for your
information and comments.

As mentioned in my previous letter, we would like to discuss the main questions the review
should address and set up the appropriate comparisons (with respective outcomes and
categories which should be measured to determine effectiveness). We have tried to identify
"effect modifiers" prior to data extraction/analysis, to set up the appropriate
hypotheses/comparisons. Because this review has multiple objectives, protocol development
was more complex than we had thought initially.

The inclusion criteria need to be carefully discussed as well to ensure a reliable relevance
assessment. The set of possible relevant outcomes that can be used in the review were
defined first based on the range of possible outcomes that have been/should have been used
in primary studies (clinical trials).
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I look forward to having your comments on the draft protocol.

Yours sincerely,

Valeria Marinho
Department of Epidemiology and Public Health
University College London
1-19 Torrington Place
London, W CIE 6BT, UK
Tel: 0171-391-1702
Fax: 0171-813-0280
E- mail: Valeria@public-health.ucl.ac.uk
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APPENDIX C
1998 Cochrane protocol and subsequent
changes to it
C .l- Original Cochrane protocol published in 1998
C.2- Protocol changes
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Appendix C. Section 1: First protocol published in The C ochrane L ibrary issue 2,1998

Cover sheet
Title
Topical fluoride (toothpastes, mouthrinses, gels or varnishes) for preventing dental caries in children and
adolescents

Reviewers
Marinho VCC, Sheiham A, Logan S, Higgins JPT

Dates
Date edited: 11/02/1998
Date of last substantive update: 11/02/1998
Date of last m inor update: / /
Date next stage expected 01/11/1999
Protocol first published: Issue 2, 1998
Review first published:

Contact reviewer
M rs Valeria CC Marinho
Department o f Epidemiology and Public Health
University College London Medical School, 1-19 Torrington Place
London
UK
W C IE 6BT
Telephone: +44 020 7679 1702
Facsimile: +44 020 7813 0280
Secondary contact person's name: Professor Aubrey Sheiham

Intramural sources of support
CAPES - M inistry o f Education, Brazil, BRAZIL

Extramural sources of support
None

What’s new
Dates
Date review re-formatted: 20/07/1999
Date new studies sought but none found: / /
Date new studies found but not yet included/excluded: / /
Date new studies found and included/excluded: / /
Date reviewers' conclusions section amended: / /
Date comment/criticism added: / /
Date response to comment/criticisms added: / /
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Text of review
Background
Dental caries and its consequences pose important and uncomfortable problems in all industrialized societies
and in an increasing num ber o f developing countries. Although dental caries rates in industrialized countries
have decreased dramatically in the past 2 decades (Sheiham 19911 particularly among children in North
American and W estern European countries (Anderson 1982; Brunelle 1982: Downer 1982: Feierskov 1982;
Kalsbeek 1982: Koch 1 9 8 2 \ it remains a major public health and social problem. Thirty per cent of 3 1 / 2 - 4 1/2
year olds (M ovnihan 1996) and fifty per cent of 12 year olds in UK (Downer 1995: Marthalcr 1996) had
experienced caries in 1993. There are consistent differences in dental caries levels by socio-economic status in
industrialized countries and in urbanized developing countries; low-SES children have higher dental caries rates
then those in the upper SES groups (Chen 1995).
Fluoride therapy has been the cornerstone o f any caries-preventive strategy since the introduction of water
fluoridation schemes five decades ago (Murray 1991). The primary caries-protective effects of fluorides occur
through promotion o f reminerahzation of early caries lesions and by reducing tooth enamel demineralization
(Ericson 1995V The use o f topical fluoride therapy (TFT) in particular, has increased during the past two
decades and fluoride containing dentifiices, mouthrinses, gels and varnishes are the topical forms most
commonly used at present either alone or in different combinations. Dentifrices (toothpastes) are the most
widespread form o f fluoride usage (Murray 1991a) and the decline in the prevalence of dental caries in
developed countries has been mainly attributed to its increased use (Rolla 1991: Marthaler 1994: O' Mullane
1995: M arthaler 1996). However, there is currently a vigorous debate regarding the appropriate use of fluorides
in terms o f their actual effectiveness and the potential risks (and costs) that may be expected from the various
fluoride-based caries preventive measures in an era o f decreased caries prevalence and widespread availability
o f fluorides (Ripa 1991). The persistence o f this debate and the variations in the use of topical fluoride therapy
in its various forms suggest the need to search for meaningful ways to summarize the empirical findings on this
topic systematically.
Historically, the effect o f TFT on the prevention of dental caries has been extensively reviewed and synthesised
in a number of narrative reviews which generally provide a broad range o f effect estimates, based on selected
published literature, and in which the causes of differences in reported effectiveness are not formally explored.
A small but growing num ber o f recent studies, focusing on the evaluation o f specific topical fluoride active
agents within specific delivery systems, have used the quantitative meta-analytical approach to synthesise
studies results (Stamm 1984: Clark 1985: Johnson 1993: Hclfcnstcin 19941. However, none of the existing
meta-analyses have evaluated or compared the main forms of topical fluoride treatments currently used in caries
prevention; none were comprehensive in their searches for primary studies or explored systematically the main
factors that may influence the outcomes measured. The present investigation examines all these issues.

Objectives
The primary objective o f this review is to determine the effect of topical fluoride therapy (TFT) in the form of
dentifiices, mouthrinses, gels and varnishes in the prevention of dental caries in children and adolescents. The
secondary objective is to examine whether the effect of TFT is influenced by the level o f caries severity, the
background exposure to other fluoride sources, the mode/setting and form o f delivery.
With regard to the clinical effectiveness o f TFT in the forms above described three basic questions can be
asked:
1- Is TFT effective for children and adolescents?
2- Is one o f these forms o f TFT more effective than another?
3- Are combinations o f these TFT forms more effective than one form used alone?
This review concentrates on answering the first question and the other two questions will be addressed in future
reviews. The specific objectives are:
1 - To determine the effectiveness and safety o f topical fluoride therapy in the form of dentifrices, mouthrinses,
gels and varnishes in preventing dental caries in the child/adolescent population.
2 - To examine w hether the effect o f TFT is influenced by the level of caries severity.
3 - To examine w hether the effect o f TFT is influenced by the background exposure to ambient levels of
fluorides in water (or salt), and in dentifrices (for fluoride mouthrinse and fluoride gel/vamish studies).
4 - To examine whether the effect o f TFT is influenced by mode/setting of delivery (self-applied supervised use
of TFT in preventive programmes, self-applied supervised/unsupervised use o f TFT at home, and operator-

129

applied use o f TFT in the clinic), and if this does occur, whether there is a differential effect on caries
prevention among the different forms o f TFT used in each mode/setting of delivery.

Criteria for considering studies for this review
Types of studies
Randomized or quasi-randomized controlled trials, with at least one element o f blinding in outcome assessment
(such as clinical and/or radiographical assessment) in which treatment with topical fluorides in the dehvery
forms o f dentifrices, mouthrinses, gels and varnishes, used single or combined was administered for at least one
year and compared to placebo or no treatment. Studies employing the split-mouth design are not considered in
this review in order to exclude the possibility o f contamination of control sites.

Types of participants
Children and adolescents (aged 16 or less) from the general population, irrespective of nationahty or
background exposure to fluorides. Studies which have recruited only children or adolescents with special
medical conditions are not considered in the review.

Types of interventions
Topical fluoride therapies in the following forms/vehicles of delivery are considered; fluoride dentifrices,
mouthrinses, gels and varnishes (at any dose, frequency, duration or mode of administration, which, for gels and
varnishes, may be used w ith prior prophylaxis or not, and with any of the following active agents/ingredients:
NaF (sodium fluoride), SMFP (sodium monofluorophosphate), SnF2 (stannous fluoride), APF (acidulated
phosphate fluoride), amine F (amine fluoride), which, in the case of dentifiices, may be formulated with any
compatible abrasive system.
Studies that tested non-fluoride active agents in the same fluoride formulation (such as anti-plaque, anti-calculus
agents in toothpastes) or studies that tested any other non-fluoride caries preventive treatments (such as sealants,
oral hygiene procedines, xylitol chewing gum, glass ionomers) concurrently w ith (in the same group of) tlie
TFT forms above-described are considered as long as such preventive treatments are equally apphed to the
groups being compared in the study (only unconfounded trials).
Studies that tested other forms of TFT only (such as solutions/topical paintings of the teeth and prophylactic
pastes) are not considered in this review.
The control groups considered in this review are placebo or no treatment, which makes the following as the
relevant comparison: Any o f the forms o f TFT described above compared w ith a placebo or no treatment
control group.

Types of outcome measures
Dental status is usually measured by the DMF index, DMFT/S and dmff/s scores, which indicate the numbers of
decayed, missing and filled teeth or surfaces in the permanent and primary dentitions at various ages. With
regard to the various ways that caries increment as measured by this index is reported, the main form considered
in this review is the average change in caries experience in all (whole mouth) permanent teeth or surfaces in
terms o f net (reversals counted as negative increments) mean caries increment from baseline during the trial
period (usually o f around 2/3 years) measured clinically and radiographically and/or clinically only, where the
"D" component o f the index is recorded at the cavitation level of diagnosis. (See "Methods of the review"
section for the different ways o f reporting the DMFT/S scores in clinical trials o f caries preventives). However,
studies reporting final mean DMF scores (usually for teeth not yet erupted at the baseline examination) or
reporting separate components o f the DMF index are also considered, irrespective o f dentition.
Other outcomes considered in this review are the numbers/% o f caries-free children during the trial period,
incidence o f dental pain/discomfort during the trial period, safety of the treatment as measured by the incidence
o f any adverse effect during the trial (such as fluorosis, including any side-efifect, such as extrinsic staining of
teeth, etching o f composite restorations which compromises appearance, allergic reactions...) and acceptability
o f the treatment as measured by numbers/% o f participants dropping out during the trial period,.
Studies which measured physiological outcomes such as fluoride uptake by enamel or dentin, fluoride retention,
salivary secretion levels, or the process o f re/de-mineralization of enamel, or changes in dentin hypersensitivity,
or changes in plaque/calculus formation, plaque regrowth/vitality, plaque/salivary bacterial counts, or gingival
bleeding/gingivitis, are not considered in this review (unless an outcome o f interest is also measured in the
study in question).
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In summary, the outcomes o f interest are;
1- Changes in caries experience
a- average change in the number of Decayed, Filled, (and Missing) Teeth or Surfaces [D(M)FT/S];
b- final average number of Decayed, Filled, (and Missing) teeth or surfaces [D(M)FT/S] (the measure used for
teeth erupting during the trial period);
c- average change in the number of Decayed permanent teeth/surfaces or final average number of Decayed
permanent teeth/surfaces;
d- average change in the number of Filled permanent teeth/surfaces or final average number of Filled permanent
teeth/surfaces;
e- average change in the number of M issing permanent teeth or final average number o f Missing permanent
teeth;
f- average change in the number o f decayed, filled (and extracted) deciduous teeth/surfaces [df(e)t/s];
g- the number o f participants per treatment group with no D(M)FT/S increment during the trial period, as
opposed to any caries increment [D(M)FT/S of 1 or more];
h- the number o f participants per group reporting no dental pain/discomfort, as opposed to any dental
pain/discomfort.
2- Safety o f the treatment
a- Safety o f the intervention as measured by the incidence of any adverse effect (such as fluorosis, including any
side-effect, such as extrinsic staining of teeth, etching of composite restorations which compromises
appearance, allergic reactions...) during the trial period.
3- Acceptability o f the treatment
a- acceptability o f the intervention to the participant as measured by numbers/% of participants dropping out
during the trial.
Clinical efficacy for placebo control studies is defined as a relative reduction (%) of 20% or a reduction in
caries increment (DMFT/S scores) o f at least *. Clinical efficacy for active topical fluoride treatment control
studies is defined as a relative caries reduction (%) of 10%, according to the American Dental Association
(ADA) guidelines definition of clinical superiority (CDT. 19881. or as a reduction in caries increment o f at least
* . (* The pre-determined minimal important difference, which should be reported in sample size calculations of
primary studies, may be used in order to reach a consensus with regard to defining clinical efficacy in terms of
absolute caries reduction).
When appropriate, the outcomes will be grouped into age groups (6/7-9/10, >11/12) and into experimental time
periods (12-20 months, 21-36 months, > 36 months).

Search strategy for identification of studies
See: Collaborative Review Group search strategy
With a comprehensive search, we attempt to identify all relevant studies irrespective o f language. Papers outside
the English language are considered if they can be translated.
Electronic searching
Relevant trials are identified by searching several electronic databases from date of inception: MEDLINE,
EMBASE, SCISEARCH, SSCISEARCH, ISTP, BIOSIS, CINAHL, DISSERTATION ABSTRACTS, ERIC
and LILACS/BBO. Studies pre-dating 1966 are not searched for. The downloaded set o f records from each of
these databases are imported to the bibliographic package Reference M anager and merged into one core
database. The Cochrane Controlled Trials Register (CCTR) in the Cochrane Library, the grey literature database
SIGLE and the Community o f Science database which includes ongoing trials funded by the National Institute
o f Dental Research are also searched for additional relevant trials and references are cross checked with those in
the core database.
Reference searching
The references o f eligible trials are checked for more relevant studies and each included study is sought as a
citation on the SCISEARCH database. Reference lists from meta-analyses and review articles, identified in the
searches performed previously or by searching The Cochrane Library databases (CDSR, DARE) and the CRD
database (NEED), are scaimed for relevant studies. Reference lists from preventive dentistry textbooks on
topical fluorides are also consulted.
Personal contact
Searching for unpublished or unlisted studies has started by contacting manufacturers and experts in the field of
preventive dentistry. A letter with a list o f included studies will be sent to the first author of each study (and/or
manufacturer involved, if any, such as Procter & Gamble, SmithKline Beecham, Colgate-Palmolive, Unilever)
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asking them for information on published or unpublished studies potentially eligible for inclusion which are not
included in the list.
Full-text searching
Prospective hand-searching o f those journals (8) identified as having the higliest yield o f eligible RCTs/CCTs
are being carried out, from January 1997 onwards: ASDC Journal of Dentistry for Children, British Dental
Journal, Caries Research, Community Dentistry and Oral Epidemiology, Joimial of the American Dental
Association, Journal o f Dental Research, Jounial of Public Health dentistry, Scandinavian Journal of Dental
Research (now European Journal of Oral Sciences). The complete joiunal hand search of Community Dentistry
and Oral Epidemiology will be undertaken

Methods of the review
Study selection
All reports electronically identified by the search are printed off and scarmed on the basis of title, keywords and
abstract (when this is available) by one reviewer to see if the study is likely to be relevant. The full report is
obtained o f all relevant articles. Where it is not possible to classify an article, the full article is obtained.
W ith the inclusion criteria form previously prepared for this review, one reviewer (VM) will select all full
reports to be included in the review independently and unblinded, and a second reviewer (JH) will select a
sample o f those. Disagreements will be resolved by discussion. Any report that cannot be classified by the first
reviewer will be independently assessed by the second. Where resolving disagreement by discussion is not
possible a third reviewer w ill be consulted. If agreement cannot be reached, the trial is excluded.
Quality assessment
The methodological quality o f the trials to be included will be assessed according to the criteria described in the
Cochrane Collaboration Handbook (Mulrow 1997). when each trial is rated according to three quahty of
allocation concealm ent categories:
Category A: adequate concealment
Category B: "random" allocation reported but the actual method used to conceal it is not known
Category C: inadequate concealment
Excluded: no random/quasi random allocation or "random" not stated.
Where uncertainty cannot be resolved an effort will be made to contact authors directly to clarify the method
used to conceal allocation. Sensitivity analysis will be performed to test the effect o f the quality of allocation
concealment, since quasi randomized studies, such as those using alternate allocation and record numbers (in
category C), are included in this review.
Blinding of m ain outcomes assessment will be rated according to the following criteria:
A. Double blind (blind outcome assessment and use of placebo)
B. Single blind (blind outcome assessment but no placebo used)
C. Blinding not clearly stated but likely in any element of outcome assessment (such as radiographical
examinations independently performed with results reported separately).
Excluded: no blinding or blinding not stated.
Other methodological characteristics of the trials such as completeness o f follow-up (numbers/% excluded) and
handling o f exclusions (differential losses or extent to which outcomes o f those who withdrew are described)
are not used as methodological thresholds for inclusion, but will be coded in the data collection form, and
sensitivity analyses will be performed when indicated.
D ata extraction
D ata will be extracted by one reviewer (VM) using a previously prepared data extraction form. A second
reviewer (JH) will extract data on a sample of included studies. Checking o f reliability will be limited to the
coding of outcomes and for validity assessments. Data presented in graphs and figures will be extracted
whenever possible, but will only be included if two reviewers independently have the same result. Again, any
disagreement will be discussed and where necessary, a third reviewer will be consulted (or authors will be
contacted for clarification/ missing information whenever possible). Data will be excluded until fiirther
clarification is available if agreement caimot be reached.
Characteristics that are coded from each study in addition to those described for participants, interventions,
outcome measures and methodological quality include: the disease severity scores, previous exposure to other
fluorides, mode and setting o f delivery, year study started, place of study, duration of study, dental treatment
level (F/DF). An exploratory analysis, using sub-group analysis, will be done on those not specified a priori
after the main meta-analysis.
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For studies w ith more than two-arms, where the same TFT form may be com pared in two or more experimental
groups (but with different active agents, or doses, or frequency o f use) decisions on which test group to be
coded for the relevant comparison (with the placebo/no treatment group) will be made by choosing the
standard/commercially available formulation wherever possible (not to favour the "new" test TFT). In case of
only standard or new treatments in the test groups the decision will be made by flipping a coin.
Among the relevant studies, caries increment, as measured by the DMF index, is reported in various ways
(separately/combined) according to different units of measure used (all teeth or surfeces/whole mouth, specific
tooth or surface type - erupted, erupting, unerupted, first molars, approximal surfaces,...), diagnostic thresholds
used for caries (cavitation/dentin lesions, pre-cavitation/white-spot lesions,...), methods of examination adopted
(clinical only, radiological only, d in + radiol, d in + FOTI,...), approaches to account or not for reversals (in a
N et Caries Increment where reversals are included, or in a Crude Caries Increment where they are excluded).
Each of these ways o f reporting are considered in this review. Thereafter, the types of outcomes which can best
answer the review questions are chosen (see "Types o f outcome measures" section).
In addition, outcomes may be assessed at more than one period of follow-up. All such assessments will be
recorded and decisions on wliich outcome assessment timing to use from each study (presenting results at more
than one follow-up time) will be based on the most commonly reported tim ing o f assessment among all
included studies (usually the last follow-up, after around 2 to 3 years). Study duration has been shown to
influence treatment effect in a recent meta-analysis of the effectiveness o f fluoride varnishes on caries
prevention (Heffenstein and Steiner, 1994).
In studies where assessments of outcomes were also made during a post-intervention follow-up period, the
length of time outcomes were measured after the intervention ended will be noted, and the effect (or possible
lack o f it) will be examined (outcomes will be recorded).
D ata synthesis
The primary measure o f treatment effect that will represent the within study comparison of test and control
groups is mean caries reduction, in terms of differences in mean D(M)FS/T increments between control and test
groups. Thus, absolute caries reduction (DMF teeth/surfaces saved per year) will be calculated for each trial. It
will be treated as continuous data (approximately normally distributed/analysed originally by parametric tests in
primary studies).
Continuous outcomes will be analyzed according to their difference in mean treatment effects and its standard
errors. Dichotomous outcomes will be analyzed by calculating odds ratios. The uncertainty in each result will be
expressed using confidence intervals.
,
The (Zochrane Review M anager software RevMan will be used for estimation o f overall treatment effects/meta
analysis o f results. Both fixed and random effects models will be used to calculate a weighted average of the
treatment effects across the studies under review.
Investigation o f heterogeneity
Heterogeneity in the results o f the trials will be assessed by inspection of graphical display o f results and by
formal tests o f heterogeneity. Three possible reasons for heterogeneity were specified a priori: (I) that the effect
o f TFT differs according to the levels o f caries severity; (2) that the effect o f TFT differs according to exposure
to other fluoride sources (in water, in dentifrices); (3) that the effect o f TFT differs according to mode/setting of
delivery (and form o f delivery - TFT type, within each). The second and third reasons for heterogeneity will be
assessed by looking at separate subgroups o f trials. The first reason will be investigated by performing Bayesian
analyses, in order to avoid the "regression to the mean phenomenon" (Senn 1994) and misrepresentation of a
true effect, where BUGS statistical package (Thomas 1992) will be used.
Investigation o f publication bias
It is anticipated that a large number of studies will be included. Fuimel plots will be drawn to examine the
possibility o f publication bias, where a graphical display of trial size will be plotted against effect size.

Potential conflict of interest
None known
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Appendix C. Section 2: Protocol changes

Changes to the protocol were made with the consultation of and agreement from the advisory
panel and the Cochrane Oral Health Group. The original protocol became in effect
protocol/review 5, and four new protocols were developed to evaluate the effects of each
topical fluoride modality separately, in order to keep each review at a manageable length.
However, protocol 5 still included the four placebo comparisons, examinations of differences
between them, and investigations of covariates across all four types of topical fluorides
(although the range of analyses to be undertaken would be broader), with cross-references to
the more detailed component reviews.

Thus, the main changes/additions to the original protocol, which were incorporated in all
others (new protocols), as appropriate, related to data analyses:

1. Change in the measure of treatment effect (for the primary outcome measure).
The new measure of treatment effect (summary statistic) was the preventive fraction (PF),
that is the difference in mean caries increments between the ‘treatment’ and ‘control’ groups
expressed as a percentage of the mean increment in the ‘control’ group. This measure was
considered more appropriate than the one chosen originally (mean difference between mean
caries increment in the ‘experimental’ and ‘control’ groups), since it should allow both, the
combination of different ways of measuring caries increment by the DMF index and a
meaningful investigation of heterogeneity between trials; it was also considered simple to
interpret.

2. Change in the meta-analysis method, model and software (for the primary outcome
measure)
When the change to the new measure of effect was made (and incorporated into all the
protocols), analyses could not be performed in RevMan/MetaView as originally planned. It
was decided that the raw results of the studies (mean/SD/n) could be entered in RevMan, and
mean differences could be presented without meta-analyses. If meta-analyses using
standardised mean differences (SMD) yielded materially similar results to those using
preventive fractions, we would consider presenting these within MetaView. The meta136

analyses using preventive fractions were going to be carried out using Stata (Stata
Corporation, USA) and calculated as inverse variance weighted averages. Variances would
be estimated using the formula presented in Dubey et al (1965), which is suitable for use in a
weighted average, and for large sample sizes the approximation should be reasonable.
Various statistical methods are available for pooling study results, but the usual approach
associated with meta-analysis is the idea of combining treatment effects by calculating a
weighted average o f individual effect sizes together with a relevant confidence interval, in
which the larger trials have more influence (weight) than the smaller ones.

In the new protocol, random effects meta-analyses were going to be performed throughout
(instead of both, fixed and random effects meta-analyses, as described in the original
protocol).
Meta-analytical techniques can be broadly classified into two models, the key difference
being the way the variability between the results of the studies is dealt with. The fixed
effects model assumes an identical treatment effect underlying all studies and considers that
’

the variability between studies is exclusively due to random variation (individual studies are
simply weighted by their precision) (Yusuf et al, 1985). The 'random effects model assumes
'

a different underlying effectfor each study, and that studies are a random sample takenfrom
some hypothetical universe o f trials; the central point of the distribution is the focus of the
combined effect estimate (it takes this additional between-study variation into account in
calculating the average treatment effect, which leads to a more even weighting of individual
studies, although giving relatively more weight to small studies than they receive in thefixed
effects model, and somewhat wider confidence intervalfor the random effects estimate)
(DerSimonian and Laird, 1986). A substantial difference in the combined effect calculated by
each model can be seen only if studies are markedly heterogeneous.

3. Change in the primary methods and software for investigations of heterogeneity
The new method to perform formal investigations of heterogeneity (in review 5, as well as in
the four component reviews, if appropriate) involved metaregression analyses. As stated in
the new protocol, metaregressions were thus going to be carried out for investigations of
heterogeneity, using Stata software. In the original protocol, reasons for heterogeneity would
be investigated by performing subgroup analyses in RevMan; Bayesian analyses, using
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BUGS statistical package, would be performed specifically for evaluating the potential
impact of baseline caries levels on treatment effect (however, it was recognised that more
methodological research was required to define the appropriate place of Bayesian methods in
meta-analyses).
Heterogeneity may be accountedfor in a random effects meta-analysis which incorporates
between-study variability into the overall estimate. It may be scrutinised and explained in
random effects metaregression, a powerful extension of a traditional meta-analysis where the
impact of characteristics o f the studies on the size of treatment effect is examined (if there is
a large number o f studies). It may be possible to explain and effectively eliminate
heterogeneity from the analyses by performing stratified analysis of subsets of studies, but it
is more important to use pre-specified groupings as subgroups than it is in metaregression,
due to an increased chance o f a false positive result when many subgroup analyses are
performed.

4. Change in the handling of results (main outcome) of multitreatment studies
In the new protocol, for studies with more than two-arms, where the same topical fluoride
modality was compared in two or more experimental groups, caries increment of all relevant
experimental arms were to be combined for the main meta-analysis. In the original protocol,
one group only would to be chosen for analysis, but the criteria were considered arbitrary and
would not allow the use of all relevant data.

Other changes to the protocol included:
The additional subject search strategies performed in MEDLINE were added to the section
‘Search strategy for identification of studies’.
Each subsection in the section ‘Criteria for considering studies for this review’ were re
written into clearer and more condensed subsections (‘Types of studies’, ‘Types of
participants’, etc). (Many parts of the protocol were re-phrased, some parts were expanded
and others were condensed, but these alterations were minor protocol changes.)
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Dr P. F. DePaola
Director
Specialized Caries Research Center
Forsyth Dental Center
140, The Fenway
Boston, MA 02115 - USA

Dear Dr DePaola,

The Cochrane Collaboration is an international consortium that aims to prepare, maintain and
disseminate systematic reviews of the effects of health care. The Cochrane Oral Health
Group was established in 1994, and is currently undertaking a range of systematic reviews.
Together with Dr Julian Higgins, Dr Stuart Logan and Prof Aubrey Sheiham I am
undertaking a systematic review of the effects of Topical Fluoride Therapy on dental caries.
Your paper [DePaola et al, 1980 - The anticaries effect of single and combined topical
fluoride systems in school children] has been identified as a relevant clinical trial for
inclusion in the review. In order to include relevant studies, we need to be able to extract the
data in a standard manner. In some cases we require data that is not provided in the article
assessed.

We are wondering whether you could help us by providing any of the information described
below.

1- The method used to allocate children to groups; was it a quasi-random method such as
alternation, or a random process was used to conceal treatment allocation? Could you please
describe the method?
2- The number of participants present in each of the 4 groups at baseline, their mean DFS
scores (and SD or se if possible).
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3- Any data that may have been collected on reported regular use of F dentifrices or any
information on availability of F dentifrices in the market at the time the trial begin (plus year
of baseline examination).

I appreciate that locating these data may be a nuisance after so many years. Nevertheless, if
you yourself do not have the original data, would it be possible to pass this letter on to the
appropriate author?

Please feel free to contact me on the address/e-mail below.

I look forward to receiving the additional information and any information you may have on
unpublished clinical trials using the same intervention(s).

With kind regards and many thanks for your co-operation.

Sincerely,

Valeria Marinho
Department of Epidemiology and Public Health
University College London
1-19 Torrington Place
London W CIE 6BT
e-mail: valeria@public-health.ucl.ac.uk or vcmarinho@yahoo.com
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Inclusion-Exclusion criteria template - Topical fluoride therapy (TFT) for children and adolescents in the prevention of dental caries

(Single TFT vs placebo/no treatment, single TFT vs another TFT, combined TFT vs any single TFT in the combination)
REVIEWER:
ID (Au 1 .pub

year)

Design/alloeation
IN - experimental
studies = Clinical trials
(RCTs/CCTs)
EXCLUDE - but not
parallel group design
RCT/CCT(e.g.-withingroup paired comparison
used = split mouth) or
clearly not randomised
IRRELEVANT observational studies:
cohort (concurrent
controls, historical
controls),before-after.
case-control, and
descriptive studies

Participants
IN - children/
adolescents
(< 1 7 )
EXCLUDE but with special
medical/ dental
conditions
IRRELEVANT adults (> 1 6 )

Interventions - TFT = t/r/g/v only (applied
at least once a year). Controls =
NT/PL/TFT, Comparisons:
IN - 1 TFT type x placebo/NT,
1 TFT type x anotlier TFT type,
2 TFT types x 1 of the TFT types.
EXCLUDE - but with any association in the
direct comparison (in test, control or both
groups) of TFT other than t/r/g/v, or with a
differential association (either in test or
control group) of any active agent or
preventive measure other than TFT.
IRRELEVANT (at present) 2 or >T F T types x placebo/NT,
TFT in complex measures x placebo/NT,
1 (or > ) TFT type x same TFT type(s)
(Other agent/concentr/frequency/mode, etc),
1 or > TFT type x any intervention other
than tlie TFT/control (comb or not to TFT).

Outcomes assessed
IN - caries increment as
measured by the DMF index/
its components, dental
pain/discomfort, side effects,
dropouts, visits to dental care
units, length of treatment.
But do not code if essential
clinical data in each group are
not reported.
EXCLUDE - only outcomes not
clearly dependent on F action/
not related to caries only (e.g. plaque/gingivitis, calculus, F
physiological measures)
IRRELEVANT - only outcomes
not clinically useful (e.g. those from in vitro, in vivo, in
situ studies)

Blind assessment
of main outcome
IN - blmd
assessment
described/likely
EXCLUDE blind assessment
clearly not
attempted/ not
used
IRRELEVANT
impossibility of
blind assessment
for a particular
design

Length of
follow-up
IN - minimum
duration of one
year/ one school
year
EXCLUDE Less than one
year/ one school
year (e.g. - 6
months)
IRRELEVANT very short
diuniion trials
(less tlian 6
months)

Notes (other
potential

reasons for
exclusion

and/or
comments)
Dramatic
drop-out rate
(>40% a t 2
years), unit of
allocation
(cluster)/ unit
of analysis
relationship.
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Data extraction template for topical fluoride therapy (TFT) for children and adolescents in the prevention of dental caries

(re\iewer:.
Data source type:

A - MAIN DETAILS O F STUDY
1. Title (of main publication);
2. Country of origin (and region/cit>0, year started (of baseline examination):
age group(s) =
3. Duration (in m/y):
n (at start)
B - SET-UP/DESIGN O F STUDY
number o f sites:
1. Study site (industrialized: large towns/small tillages/... ; or dev eloping: urban/semi-urban/semi-rural/rural/... ):
ppm F:
a. Fluoridation status (water/salt):
b. Fluoride toothpaste availability (production/promotion/consumption):
c. Sugar availability' (production/promotion/consumption)/nutritional policy/dental service delivery t\TDe/...:
1 number o f centers:
2. Center for recruitment (community/schools or institution/primary care or referral centre/private or institutional practice/...):
a. Implementation of (school-/institution-/community-based) caries preventive treatment (F/non-F based) otlier tlian tire clinical trial option(s):
3. Exclusions from eligibility criteria (previous exposure to fluoride/ortliodontically treated/gender/etlmicitv/...):
4. Intervention groups: 1
vs 2
vs 3
vs 4
vs 5
[indicate relevant com parisonfs)!:
5. Characteristics o f interventions, frequency, mode and setting of delivery,... - in each group (fill table 1)
stratifying variables (age, s e x , caries experience, dental age...:)
6. Randomization type (simple/stratified - with blocking used,... ):
number of units randomized:
7. Unit o f randomization allocated to study groups (persons/person-siblings/school-classes, ....):
8. Method of generating tire allocation schedule (random number tables/coruputer/random arrangement/alternation/...):
A= adequate m ethod described (cenüalised by a central office or pharmacy ,
9. M ethod of allocation concealm ent - control of selection bias at entry :
pre-numbered or coded identical containers administered serially to participants,
(+ any info on method to separate the generator from tire executor of assignment)
numbered sealed opaque envelopes, locked computer file...)
B= indication of random m ethod (w ords such as random, randomization.. . .)
C= quasi m ethod described (alternation, dates of birth, open list of random
numbers)
A= double-blind (blind outcome assessment and use of placebo described)
10. BUnding o f main outcom e assessm ent to treatment allocated - control of detection bias:
B= single-blind (blind outcome assessment but no placebo described)
(Blinding at clinical examination/ radiographic/ botli clinical + X-ray examinations/ all assessments / ....)
C= indication of blind assessm ent (likely in any elcruent of outcome assessrueut
such as x-rays assessed independently)
11. Blinding o f participants - control of performance bias (Y/N/NC/NR):
12. Blinding o f studv personnel - control o f perfonuance bias (Y/N/NC/NR):
Contaruiualion (yVN/NC/NR):
13. Groups treated equally (Y/N/NC/NR):
Co-interv entions (y^/N/NC/NR):
Minimum imporljuit difference of
Unit of measurement
14. Main outcome(s):
as rneasmed bv
index/score
power calculation (Y/N/NC/NR):
15. Secondary outcome(s):

as measured by

index/score

Unit o f measurement

Full results reported (Y/N)

CONDUCT OF EXAMINATIONS
16. Standardized set o f methods for dental caries assessment (Y/N/NC/NR):
a. Clinical caries examination (use o f probe only, visual only, both combined):

CX erall Criteria (WHO/........ ):
Diagnostic level:
criteria:

b. Radiographic caries examination (bitewing. ... ):

criteria:

Diagnostic level:

c. Otlier teclinique(s) for caries diagnosis (transilumination-FOTl, ...):
17. Standardized methods for assessment o f other outcomes (Y/N/NC/NR):

criteria:
criteria:

Diagnostic level:
Diagnostic level:

Number examiners doing
all examinations:
Number examiners doing
all X-rays diagnoses:
Nos doing all diagnoses:
Nos doing all diagnoses:

Duphcate initial and final examinations (Y/N/NC/NR):
18. Detection of S} Stematic errors in caries diagnosis (Y/N/NC/NR):
% of children seen for inter /intra examiner variabihty
clinical recordings - ........................... inter-exam iner, ..................intra-examiner variabihtj'/kappa values
.....
%
children seen for inter /intra examiner variability
radiograpliic recordings - .................. inter-examiner,..................intra-examiner variabiht}/kappa values
19. Measurement o f random errors in clinical/radiological caries diagnosis - reliabiht>' coefficient, re\ersal rates,... (Y/N/NC/NR)
Frequency of examinations:
20. Timing of examinations (m/y): bas = time 0, 1^ follow-up =
, 2"*^ fbllow -up =
, 3rd follow-up =
ANALYSIS OF RESULTS
21. Completeness of follow -up - CKerall attrition rate (<9.9% /10%-20%/>20%) a fte r............ mA':
Any tlireshold chosen for “compliance” (Y/N/NC/NR):
22. Reasons for attrition and respective numbers (n) by randomized group when explicitly reported (fill table 2)
23. Handling of exclusions - Main analysis o f primaiy outcome based on intention-to-treat/ on few losses to follow-up and/or on losses independent of treatment allocated (no differential losses)/.. .control o f attrition/selection bias after entiy (Y/N/NC/NR):
24. Participants initial/prognostic characteristics/measurements by randomized group - presented for original/randomized /final/anal}’zed/..sample (fill table 3)
25. Estimated effect o f inteix ention on primaiy (an\ rele\ant) outcomes (point estimate + measure of precision) for those present at each follow-up (fill table 4 )
26. Results (in absolute and relati\ e numbers) o f main analyses for those present at each follow -up (fill table 4)
27. Unit o f analysis:
28. Adjusted analysis presented (in case o f baseline imbalances,...) (Y/N/NR):
29. Subgroup analysis performed (Y/N/NR):
FINAL DECISION - INCLUDED: missing info on

Accoiuit for imit of randomization (Y/N/NC/NR):
Unchanged results (Y/N/NC/NR):
Unchanged results (Y/N/NC/NR):

- EXCLUDED: reasons
Author’s contact address / Institution (for missing info);
Sponsoring manufacturer, if any (for missing info):
Any o th er report(s) of the same study (e.g. report of results at different Ibllow -up times) used/to be used for data extraction (author 1. title, joimiai. year, \ oIume: pages):
References of oth er potentially relevant trials cited in this study (author 1, title, journal, year, volume and pages):

Data extraction tables for topical fluoride therapy (TFT) for children and adolescents in the prevention of dental caries
Trial ID (author 1, year of main publication):
Paper reference number:
Table 1
Group 1

Reviewer:

Group 2

TFT form (TP/MR/G/V)
F agent/trade name
(+ CAS reg number)
F concentration
(ppm F)
Abrasive (for Toothpaste)
Prior-application procedure
(for Gel/Vamish/Rinse)
Application material/method
(e.g. trav systein/ cotton pellets... )
Amount applied
(e.g. pea-sized/ ... ml/ ...drops)
Duration o f application (min/sec)
Post-application method
Frequency o f application
(times a year)
Mode o f use (operator-applied/self
applied supervised/imsupenised)
Setting o f use
(clinic/school/home)
Table 2
Reasons fo r w ithdraw als/drop-outs with respective num bers in each group/both groups/ov erall (e.g. moved aw ay, side effects, lack of cooperation, poor "compliance
overall
group 1_______________________ group 2

...)

Data extraction tables for topical fluoride therapy (TFT) for children and adolescents in the prevention of dental caries
Trial ID (author 1, year of main publication);
Paper reference number:

Reviewer:

Table 3
Initial m easurem ents of p articipants characteristics (for original, randomized /final, anal>'zed sample)
Continuous variables: mean age, number of unerupted/erupted sound at risk deciduous/permanent teetli/surfaces, ID(M)FT/S score, id(e)ft/s scores, Plaque/Gingival index scores, fluorosis/cnaincl
opacities indices scores, brusliing/sugar intake ffequenc>', lengtli o f prev ious exposure to fluoridation, ....
Categorical variables: %/n caries-ffee/with caries, %/n using F tootlipaste regularly/not using, taking fluoride tablets/not taking, M /F,....
.)

Characteristics
measured

“Continuous” variables

Categorical variables

Participants at baseline
group 1
n=
Estimate (measure)

n in categories

Group 2
n=
Estimate (measure)

n in categories

Participants a t................follow-up ( a t ... m /y)
group 1
n=
estimate (measure)

n in categories

Participants at.............. follow-up (at.. .m/v)/ w ho.......

group 2
n=
estimate (measure)

group 1
n=
estimate (measine)

group 2
n=
estimate (measure)

n in categories

n in categories

n in categories

Data extraction tables for topical fluoride therapy (TFT) for children and adolescents in the prevention of dental caries
Trial ED (author 1, year of main publication);
Paper reference number:

Re\ie\ver:

1 able 4
T reatm ent elTect on relevant (“con tin u o u s’V dichotom ous) ou tcom es (j)oint estim ate + m easure o f precision) for those p resent at v arious fo llo n -u p s.
"C ontinuous" outcom es: caries indices scores (DFT, DFS, DM FT, D M FS, DT, D S, FT, FS, MT, MS, DFTU, D FSU , D M FSU , DM FTU, dfl, dfs. deft, defs, dt. ds. IL fs. ...), caries
progression scores, enam el defects/fluorosis indices scores, others (extrinsic staining sco res....).
D ifferences control-experimental in average change (increment from baseline) after ...m ontlis/years (calculate Surfaces Sa\ ed per year \\h e n e \e r possible), PF (Pre\ented Fractions).
C ategorical/d ich otom ou s ou tcom es: numbers witli 0 caries increm ent/1 or >D (M )FT /S, number o f carious lesions remineralising/arresting/progressing, presence o f pain, discomfort, otliers.
Outcomes

"Continuous"

Categorical/
dichotomous

A t................... Follow-up/examination
group 2
group 1
n=
n=
final score/cliange
n
final score/change n
(sd/se/CI )
(sd/se/ C l )

n events/total number

n e \ ents/total number

comparison
mean d iff
(se/C l)

% reduct

P

M easures o f treatment effect
A R R R R O R N N T (C l) P

at..................follow -up /examination
group 2
group 1
n=
n=
final score/change
n
final score/change n
(sd/sc/ Cl )
(sd /sc/C l )

n e\ ents/total numbers

n e \ ents/total numbers

comparison
mean d iff
(se/Cl)

% rcduct

P

Measures o f treatment effect
A R R R R R O R N N T (C l) P

m ucciuuous/pcnuanciu acnuuon), m cm ous oi c.\muuiuuuii uscu (^ciuucui oiuy/niuiogr oiuy/cim-i-rau/tiui-rrv »11 /
ui Muu:>ui.tu
[ caviVaxion.' cavitation level/...), approaches for reversals faccouirtiira^orjheiit in N et Caries Increment, where ret ci^Us are included or Crude Caries Increment, where reversals are excluded), etc.
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Abstract
Background
Topically applied fluoride gels have been used as a caries-preventive intervention in dental
surgeries and school-based programs for over three decades.

Objectives
To determine the effectiveness and safety of fluoride gels in the prevention of dental 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 Issue 2, 2000), MEDLINE
(1966 to January 2000), plus several other databases. We handsearched journals, reference lists of
articles and contacted selected authors and manufacturers.

Selection criteria
Randomized or quasi-randomized controlled trials with blind outcome assessment, comparing
fluoride gel with placebo or no treatment in children up to 16 years during at least one year. The
main outcome was caries increment measured by the change in decayed, missing and filled tooth
surfaces (D(M)FS).

Data collection & 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. Study authors were
contacted for missing data. The primary measure of effect was the prevented fraction (PF), that is
the difference in mean caries increments between the treatment and control groups expressed as a
percentage of the mean 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 meta-regression analyses.

Main results
Twenty-five studies were included, involving 7747 children. For the 23 that contributed data for
meta-analysis, the D(M)FS pooled prevented fraction estimate was 28% (95% Cl, 19% to 37%;
p<0.0001). There was clear heterogeneity, confirmed statistically (p<0.0001). The effect of
fluoride gel varied according to type of control group used, with D(M)FS PF on average being
19% (95% Cl, 5% to 33%; p<0.009) higher in non-placebo controlled trials. A funnel plot of the
23 studies indicated a relationship between prevented fraction and study precision. Only two trials
reported on adverse events.

Reviewers* conclusions
There is clear evidence of a caries-inhibiting effect of fluoride gel. The best estimate of the
magnitude of this effect, based on the 14 placebo-controlled trials, is a 21% reduction (95% Cl,
14% to 28%) in D(M)FS. This corresponds to an NNT of 2 (95% Cl, 1 to 3) to avoid 1 D(M)FS
in a population with a caries increment of 2.2 D(M)FS/year, or an NNT of 24 (95% Cl, 18 to 36)
based on an increment of 0.2 D(M)FS/year. There is little information concerning the deciduous
dentition, on adverse effects or on acceptability of treatment. Future trials should include
assessment of potential adverse effects.

Review Manager 4.2.2

25/09/2003

Fluoride gels fo r preventing dental caries in children and adolescents (THESIS C

Review Manager 4.2.2

25/09/2002

Fluoride gels fo r preventing dental caries in children and adolescents (THESIS C

5

Background
The prevention of dental caries in children and adolescents is generally 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 introduction of water fluoridation
schemes over five decades ago (Murray 1991). These were introduced when caries was highly
prevalent and severe, and when even modest prevention activities led to considerable reductions in
disease levels. In the last twenty years, with the substantial decline in dental caries rates in many
western countries, an increase in dental fluorosis levels in some countries, and intensive research on
the mechanism of action of fluoride highlighting the primary importance of its topical effect,
greater attention 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 lesions 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 preventative 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 increase 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 o f fluoride from multiple sources have raised the question of whether topically applied
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
developed 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 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). A systematic quantitative evaluation of
the available evidence on the effect of the main modalities of topically applied fluoride has never
been undertaken.
This review is one in a series of systematic reviews of topical fluoride interventions and assesses
the effectiveness of fluoride gels in the prevention of dental caries in children.
FLUORIDE GELS
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Fluoride gels have been widely used in dental surgeries and school-based caries preventive
programs in many countries during recent decades. Although currently recommended only for
children with moderate and high caries levels the cost-effectiveness of gels has been questioned
recently even for these populations (van Rijkom 1998). Fluoride gels are either administered by a
professional or are self-applied under supervision. In general, operator-applied fluoride gels use
trays and self-applied gels use either a tray or a toothbrush. Fluoride gels must be differentiated
from some fluoride toothpastes, which are also available in the form of gels. The 'classical' fluoride
gels do not contain abrasives, their fluoride concentration is usually much higher than that of a
fluoride toothpaste, and they are applied at relatively infrequent intervals. Various methods,
concentrations and frequencies of gel applications have been tested, with or without prior dental
prophylaxis, and different fluoride compounds have been used. Typically, acidulated phosphate
fluoride (APF) gels in the concentration of 12,300 parts per million of fluoride (ppm F) are
professionally-applied twice a year. The excessive ingestion of fluoride during topical application is
not an uncommon occurrence (Whitford 1992) and the greatest health hazard is associated with the
use of 12,300 ppm F APF gels. The probable toxic dose (PTD) of lOOmg of fluoride for a 20kg (56 year-old) child is contained in only 8ml volumes of these gels. Approximately 5ml of gel is used
in a topical application of APF gel in a tray, representing a potential exposure of 61.5mg of fluoride
ion. There is a significant risk of over exposure which can result in acute toxicity (Ripa 1990).
Nausea, vomiting, headache and abdominal pain are symptoms that have been reported in young
people receiving fluoride gel applications. Because of the risk of over ingestion the use of gels in
young children is not recommended.
Numerous clinical trials evaluating the caries preventive effect of fluoride gels have been reported,
and these have been the subject of narrative reviews (Ripa 1989; Ripa 1991) and of two meta
analyses (Clark 1985; van Rijkom 1998). Although the most recent meta-analysis has addressed the
same question this systematic review addresses it did not include a comprehensive search for
individual studies or a formal evaluation of the internal validity of included studies. In addition, the
meta-analysis included four studies of the effects of toothpaste (with fluoride concentrations much
lower than those used in gels but a higher frequency of application) which may have biased the
estimates of effect.

Objectives
(1) To determine the effectiveness and safety of fluoride gels in preventing dental caries in the
child/adolescent population.
(2) To examine whether the effect of fluoride gels is influenced by the initial level of caries
severity.
(3) To examine whether the effect of fluoride gels is influenced by the background exposure to
fluoride in water (or salt), toothpastes, or reported fluoride sources other than the study option(s).
(4) To examine whether the effect of fluoride gels is influenced by the mode of use (self-applied
supervised or operator-applied), and whether there is a differential effect between the tray and
toothbrush methods of application in the self-applied mode of use.
(5) To examine whether the effect of fluoride gels is influenced by the frequency of use
(times/year) or fluoride concentration.

Criteria for considering studies for this review
Review; Manager 4.2.2

25/09/2003

Fluoride gels f o r preventing dental caries in children and adolescents (THESIS C

Types of studies
Randomized or quasi-randomized controlled trials using or indicating blind outcome assessment, in
which fluoride gel is compared concurrently to a placebo or no treatment group during at least one
year/school year.
Randomized or quasi-randomized controlled trials with open outcome assessment or no indication
of blind assessment, or lasting less than one year/one 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
intervention 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 gels only, operator- or self-applied, using any fluoride agent, at any
concentration (ppm F), amount or duration of application, and with any technique of application,
prior- or post-application. However, frequency of application should be at least once a year. The
control group is placebo (for any method of gel application) or no treatment (for tray or cotton tips
methods of gel application, but not for brushing or flossing methods), resulting in the following
comparison:
Fluoride gel compared with a placebo or no treatment.
Studies where the intervention consisted of any other caries preventive agent or procedure (eg
other fluoride-based measures, chlorhexidine, sealants, oral hygiene interventions, xylitol chewing
gums, glass ionomers) used in addition to fluoride gel were excluded.

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 dentin level of diagnosis. (See 'Methods of the review' for the
different ways of reporting the 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 deciduous dentitions, tooth loss, dental pain/discomfort, specific side effects
(fluorosis, tooth staining/discoloration, oral allergic reactions, adverse symptoms such as nausea,
vomiting), unacceptability of preventive treatment as measured by dropouts during the trial/post
randomization exclusions (in non-placebo controlled studies), use of health service resources (such
as visits to dental care units, length of dental treatment time).
Studies reporting only on plaque/gingivitis, calculus, dentin hypersensitivity or fluoride
physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels, etc)
were excluded.
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Search strategy for identification of studies
With a comprehensive search, we attempted to identify all relevant studies irrespective of language,
from 1965 onwards.
ELECTRONIC SEARCHING (databases and registers)
Up to 1998
Relevant studies were identified (for the series of topical fluoride reviews) by searching several
databases from date of inception; MEDLINE (1966-1997), EMBASE (1980-1997), SCISEARCH
(1981-1997), SSCISEARCH (1981-1997), ISTP (1982-1997), BIOSIS (1982-1997), CINAHL
(1982-1997), ERIC (1966-1996), DISSERTATION ABSTRACTS (1981-1997) and
LILACS/BBO (1982-1997). Two overlapping but complementary subject search phrases (below)
with very low specificity (but high sensitivity), using '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 Randomized
Controlled Trials (RCTs):
(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 subheadings 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*))].
These subject search phrases were customised for searching EMBASE and other databases. RCT
filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development of a register of topical fluoride clinical trials for the systematic reviews, as the
Cochrane Oral Health Group's Specialised Register was not yet developed in 1997/98.
The Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library Issue
1,1997), the Community of Science database (1998), which included ongoing trials funded by the
National Institute of Dental Research (NIDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980-1997), and OLD MEDLINE (1963-1965) were searched using
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the terms 'fluor' and 'carie' truncated. (Grey literature search had also been carried out by searching
the Index to Scientific and Technical Proceedings (ISTP) and DISSERTATION ABSTRACTS).
From 1999 to 2000
The following strategy was used to search LILACS/BBO in 1999 (1982-98), where free-text
subject search terms were combined with a methodological filter for RCTs:
[(fluor$ or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluorS or duraphatS)
and (carie$ or dmf$ or cpo$ or toothS or teethS or dent$ or dient$ or anticarieS or carioS or
mouthrinsS or mouth rins$ or rinseS or bochechS or enjuagS or vernizS or vamishS or bamiz$ or
lacaS or gel or gels)] and [randomS or aleatoriS or acasoS or azar$ or blindS or mask$ or cegoS or
cega$ or ciegoS or ciega$ or placeboS or(clinic$ and (trialS or ensaioS or estud$)) or (controls and
(trials or ensaioS or estudS))].
A supplementary and more specific subject search phrase (including 'free-text' and 'controlled
vocabulary' terms), refined exclusively for this review, formulated around three concepts (gel,
fluoride and caries) was used to search Silverplatter MEDLINE (up to January 2000) without
methodological filters:
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/ 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 ELMEX* or (explode "FLUORIDES "/ ALL SUBHEADINGS))
and (GEL* or TRAY*)].
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 Issue 2, 2000) to double
check.
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 Library database - Cochrane Database of
Systematic Reviews (CDSR), and the CRD databases - Database of Abstracts of Reviews of
Effects (DARE) and NHS Economic Evaluation Database (NHS EED), were also searched.
Reference lists o f relevant chapters from preventive dentistry textbooks on topically applied
fluoride interventions were also consulted.
FULL-TEXT SEARCHING
Prospective handsearching of those journals (seven) identified as having the highest yield of eligible
RCTs/CCTs were carried out, from January 1999 until January 2000: British Dental Journal,
Caries Research, Community Dentistry and Oral Epidemiology, Journal of the American Dental
Association, Journal of Dental Research, Journal of Public Health Dentistry and European Journal
of Oral Sciences. The handsearch of Community Dentistry and Oral Epidemiology was undertaken
(1990-December 1999), as this was the journal with the highest yield of eligible reports.
PERSONAL CONTACT
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Searching for unpublished studies (including 'grey' literature such as technical 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 information 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
gels was created for locating unpublished trials. Letters to manufacturers were sent out by the
Cochrane Oral Health Group (COHG), in the hope that companies might be more responsive to
contact from the editorial base than from individual reviewers. Six fluoride gel manufacturers were
contacted by the group (October 2000) and information on any unpublished trials requested from;
GABA AG, Johnson & Johnson, Davies Rose-Hoyt Pharmaceutical Division, John 0 Butler
Company, Oral-B Laboratories, Colgate Oral Pharmaceuticals.

Methods of the review
IDENTIFICATION OF RELEVANT REPORTS
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported 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, CCTR, SIGLE and NIDR databases
were not imported to Reference Manager and were scanned without the benefit of eliminating
duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE search
performed without methodological filter were imported to Reference Manager for inspection but in
a database separate from the core database. The records produced by searching the Cochrane Oral
Health Group's Trials Register 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
reviewer) and/or keywords by one reviewer (VM). Irrelevant reports were discarded and the fulltext of all remaining were obtained.
All potentially relevant articles identified when conducting other types of search (reference lists,
journal handsearch, and personal contact) were also obtained.
It was considered essential to identify and check all reports related to the same study; and in case
of any discrepancy, authors were contacted.
STUDY SELECTION
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 (JH) independently duplicated the
process for a sample of those (approximately 30%). In addition, any study that could not be
classified by the first reviewer was independently assessed by the second. A third reviewer was
consulted (SL or AS) to resolve any disagreement. It was decided in advance to exclude any trial
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where agreement could not be reached but this did not occur. 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. Attempts were made to
contact authors o f trials that could not be classified in order to ascertain whether inclusion criteria
were met.
QUALITY ASSESSMENT
The methodological quality of the included studies was assessed according to the criteria for
concealment of treatment allocation described in the Cochrane Collaboration Reviewers' Handbook
(Clarke 2000) used in RevMan. Allocation concealment for each trial was rated as belonging to
one of three categories;
A. Adequately concealed (an adequate method to conceal allocation 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 independently 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 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 examination performed independently of previous results, of x-rays
registered independently of clinical examination, of use of a placebo, 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 sample 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 outcome had been carried
out blind.
Other methodological characteristics of the trials such as blinding of participants (placebo or no
treatment control), completeness of follow-up (proportion excluded) and handling of exclusions
(extent to which reasons for attrition are explicitly reported, or losses are independent of treatment
illocated) 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 metalegression/sensitivity analyses.
DATA EXTRACTION
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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. Checking of interobserver reliability was limited to validity
assessments. Again, data that could not be coded by the first reviewer were independently coded
by the second, any disagreement was discussed and a third reviewer consulted to achieve
consensus where necessary. 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 result.
Attempts were made to contact authors through an open-ended request to obtain missing
information or for clarification 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
randomization in sizing/balancing (stratification based on relevant variables) or used post
randomization in analysing/adjusting for possible differences in prognostic factors between groups,
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors), any co-intervention
and/or contamination. 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 (toothpaste, water/salt), 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 application (who delivered the intervention),
methods (technique/device) of application, prior- and post-application, fluoride active agents and
concentrations used, frequency and duration of application, and amount applied.
Different ways of reporting caries increment (change from baseline as measured by the DMF index)
were recorded separately and/or combined according to the components of the index chosen and
units measured (DMFT/S, or DFT/S, or DT/S, or FT/S), types of tooth/surface considered
(deciduous teeth/surfaces, first molar permanent teeth/surfaces, approximal surfaces, etc), state of
tooth eruption considered (erupted and/or erupting teeth or surface), diagnostic thresholds used
(cavitated/dentin lesions, non-cavitated incipient lesions), methods of examination adopted (clinical
and/or radiolographical), and approaches to account or not for reversals in caries increment
adopted (in a net or observed increment respectively). In addition, caries increments have been
recorded whenever the authors reported them (various follow-ups).
As we were aware that caries increment would be recorded differently 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 chosen 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 dentinal/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
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follow-up nearest to three 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 table of included studies provides a description of all the main outcome data reported from
each study with the primary measure featuring at the top. Where assessments of caries increments
were made during a post-intervention follow-up period, the length of time over which outcomes
were measured after the intervention ended was noted. All other relevant outcomes identified as
being assessed in the trials are also listed in this table.
ANALYSES
Handling of results (main outcome data) of studies with more than one treatment arm.
In the studies with more than one relevant intervention group and a common (or more than one
relevant) control group, such as those comparing different active fluoride agents or concentrations
of fluoride ions to a placebo group, results (the numbers, mean caries increments and standard
deviations) from all relevant experimental groups (and control groups) were combined in order to
obtain a measure of treatment effect. This enables the inclusion of all relevant data in the primary
meta-analysis, although may slightly compromise the secondary investigations of dose response.
Handling of missing main outcome data.
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be imputed through linear regression of log standard
deviations 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
(similar) to their standard deviations (van Rijkom 1998).
Choice of measure of effect and meta-analyses of main outcome.
The chosen measure of treatment effect was the prevented fraction (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 difference since it allows combination of
different ways o f 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 sample sizes the approximation
should be reasonable. Random effects meta-analyses were performed throughout.
For illustrative purposes the results were also presented as the number 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.
With the use of prevented fraction, it was not possible to perform the main outcome analyses in
RevMan/MetaView (when the review was published). However, the raw results of the studies
(n/mean/SD) were entered in RevMan and mean differences were presented without meta-analyses.
If meta-analyses using standardised mean differences yielded materially similar results to those
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using prevented fractions, we would also present these within MetaView. Deciduous and
permanent teeth would be analysed separately throughout.
Investigation of 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
undertaken prior to each meta-analysis (Thompson 1999).
In addition to aspects of study quality, four potential sources of heterogeneity were specified a
priori as investigations of these formed part of the primary objectives of the review. We
hypothesised that; (1) the effect of fluoride gels differs according to the baseline levels of caries
severity, (2) the effect of fluoride gels differs according to exposure to other fluoride sources (in
water, in toothpastes, etc), (3) the effect of fluoride gels differs according to mode/self-applied
method of use, and (4) the effect of fluoride gels differs according to frequency of application and
concentration. The association of these factors with estimated effects (D(M)FS PFs) were
examined by performing random effects meta-regression analyses in Stata version 6.0 (Stata
Corporation, USA) using the program Metareg (Sharp 1998).
To allow such investigation, relevant data were dealt with as follows: data on 'baseline levels of
caries' were calculated from the study sample analysed (final sample) unless otherwise stated, and
were averaged among all relevant study groups. Data on 'background exposure to other fluoride
sources' combined data on the use of fluoride toothpaste and the consumption of fluoridated water
(or salt) and were grouped into two categories: one for studies which were based on samples
provided with non-fluoride toothpaste and which were from non-fluoridated areas (non exposed),
and another for studies based on samples using fluoride toothpaste or studies in fluoridated
communities or both. When use or non-use of fluoride toothpaste was not clearly indicated in
studies carried out in developed countries, it was assumed that fluoride toothpaste was widely used
from the middle of the 1970s (Ripa 1989); this information was sought from authors (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. The 'gel
application modes/methods' were classified as either operator or self-applied under supervision and
as self-applied supervised application by tray or by brush. Data on 'frequency of application' and
'concentration applied' have not been categorised, but a 'total intensity of application per year'
covariate was produced by multiplying frequency of application (per year) by concentration of gel
applied (in ppm F). Concentrations in multiple arm studies were averaged over fluoride gel groups
prior to this calculation.
Further potential sources of heterogeneity were investigated by meta-regression, but these 'post
hoc' analyses were to be reported as such and findings would be treated with caution. Again,
sensitivity analysis would be performed if appropriate.
Investigation o f publication bias
A funnel plot (plot of effect size versus standard error) 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 would be analysed according to
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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). The Cochrane Review Manager software (RevMan 4.1) was used for estimation
of overall treatment effects. Again, 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.

Description of studies
IDENTIFICATION OF REPORTS / STUDIES
Searching the core database in Reference Manager (using 'gel*' or 'fluoride gel*' or 'amine fluoride
gel' or 'acidulated phosphate fluoride*' or 'acidulated fluorophosphate' or 'Elmex' as keywords
combined with 'gel' or 'tray' in notes, and with 'gel' in titles and in all other fields) retrieved 694
records from MEDLINE, EMBASE, BIOSIS, SCISEARCH, SSCISEARCH, CINAHL, ERIC,
ISTP and DISSERTATION ABSTRACTS. Searching LILACS (48 records), BBO (47 records),
CCTR (86 records), SIGLE (6 records), and NIDR (24 records) databases produced a total of 211
records which were scanned outside Reference Manager. The last time LILACS and BBO were
searched yielded 210 records (142 and 68 records respectively, also scanned outside Reference
Manager). Searching OLD MEDLINE produced 545 records. Thus, 1670 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 gel trials
performed without RCT filter produced 342 records, and the same specific search performed in the
OHG specialised register produced 51 records. The search of non-electronic sources (reference
lists of relevant studies, review articles or book chapters, and contacting authors) produced other
21 records for closer inspection. One of the six manufacturers of fluoride gel contacted, GAB A,
provided a list of 409 records from a search performed in GALIDENT (Database of GAB A
Library in Dentistry) using the keyword 'amine fluoride'. However, search results from these and, if
provided, from other manufacturers will be reported in updates of this review.
From the search results above, a total of 88 reports were considered potentially eligible, sought and
assessed further (including some only available as abstracts).
SELECTION OF STUDIES
From the 88 reports that were sought for detailed assessment, 31 were considered immediately
irrelevant for this review, mainly as a result of the interventions compared with or used in addition
to fluoride gel. Forty studies (57 reports) are considered in this review; these comprise 34 reports
relating to 25 included studies (one of the reports relates to a study treated as two independent
trials), 20 reports relating to 13 excluded studies, and three reports relating to two studies waiting
assessment (in Polish) which require translation. There are no reports of ongoing studies. Twelve
non-English reports (nine studies) listed either under included or excluded studies have been fully
assessed: five in German (by a German translator, with the contact reviewer), four in Portuguese
(by the contact reviewer), one in Russian (by a Czech translator, with the reviewer), one in
Bulgarian (by a Bulgarian translator, with the reviewer), and one in Hungarian (by a Hungarian
translator, with the reviewer).
EXCLUDED STUDIES
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See 'Characteristics of excluded studies' for the description of reasons for rejecting each study.
The 13 studies in this section were excluded for a variety of reasons. Two studies were clearly not
randomized/quasi-randomized or did not imply randomization (not stated and not possible); one of
these also had a very high dropout rate. One study did not mention or indicate blind outcome
assessment (but described use of random or quasi-random allocation). Attempts were made to
contact the author of this study, but no reply was received so it was assumed that blinding had not
been done, and the study was excluded. Two studies did not mention or indicate random or quasi
random allocation or blind outcome assessment. The authors of these studies were contacted and
due to a negative reply on blind outcome assessment, the studies were excluded. Three studies did
not mention or indicate random or quasi-random allocation and blind outcome assessment. One of
these also did not report main outcome data for control group. Attempts were made to contact the
authors of these studies, but no replies were received so it was assumed that random allocation and
blind assessment of outcome had not been done, and the studies were excluded.
Four studies had other fluoride-based interventions in addition to fluoride gel. One of these also did
not state/indicate random or quasi-random allocation and blind outcome assessment; another was
not randomized/quasi-randomized and the length of follow-up for the main outcome assessment
was less than one year/school year; another had an 'inappropriate placebo' (not an inactive
treatment), and another did not report any relevant outcome data. One study included
institutionalised children with specific health problems.
INCLUDED STUDIES
See 'Characteristics of included studies' table for details of each study.
There are 25 trials included. The study conducted by Mart haler 1970 has been treated as two
independent trials, since the results for the two age groups in the study have been reported
separately as distinct studies. All 34 reports were published between 1967 and 1999. The 25 trials
were conducted between 1964 and 1996; 12 during the 1960s, seven during the 1970s, five during
the 1980s and one in the 1990s. Twelve trials were conducted in USA (eight of these during the
1960's), five in Europe, four in Brazil, one in each of the following countries: Canada, Israel,
Hawaii, and Venezuela. Six studies had more than one publication, one of these studies had six
published reports. While three of the included studies clearly stated no involvement with any
manufacturer of fluoride gel, 10 acknowledged assistance (product provision, etc) and/or partial
support from fluoride gel manufacturers.
Design and methods
All the included studies used parallel group designs. Eight of these had more than one fluoride gel
treatment group compared to a control, and among these, one trial had two treatment groups and
two placebo control groups. With regard to type of control group used, nine trials used a no
treatment control group, and the remaining 16 used a placebo control group, four of which used an
inactive treatment other than gel ('placebo' solution). The study duration (indicated by the total
length of follow-up as well as the treatment duration) ranged from one to four years among
included trials: one lasted four years, nine lasted three years, 11 lasted around two years, and the
remaining four lasted 1.5 years or one year. Studies were large with only four allocating less than
200 children to relevant study groups. The total number of children participating in the trials (given
by the sample analysed at the end of the trial periods) was 7747, and ranged from 41 in the smallest
trial to 631 in the largest trial. All participants were recruited from school settings.
Participants
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All included trials reported that the participants were aged 15 or less at the start, with similar
numbers from both sexes (with the exception of Ran 1991, who included male participants only in
the study). The ages of the children ranged from two to 15 years; 14 trials included participants
who were 12 at start, and two trials included children younger than six years of age (in which
deciduous teeth only were assessed for caries development). Decayed, missing and filled surfaces
(DMFS) at baseline reported in all but three of the studies, ranged from 0.24 to 12.2, and was 3.7
defs in one of the two studies that reported data for deciduous teeth (where 'e' is teeth indicated for
extraction). With regard to 'background exposure to other fluoride sources', all studies reported
exposure or not to systemic sources, only five studies were conducted in fluoridated communities
(water fluoridation in three and salt fluoridation in two studies); from the remaining 20 studies, no
(or very low) exposure to fluoride dentifrices or to other fluoride sources was clearly reported in
four studies, and substantial exposure to fluoride toothpaste (over 95%) was reported in three
studies; exposure or not to fluoride toothpaste had to be assumed in the remaining 13 studies based
on study location and year started, as described above. Information on dental treatment level could
only be obtained from the most recently conducted study.
Interventions
Fourteen of the included trials reported gel application carried out by professionals and in the
remaining 11 trials gel was self-applied under supervision (by dental personnel in four trials, by
trained non-dental personnel in five trials and by mothers and dental personnel in another; data
were not available for one of the studies). Gel was most usually administered using a tray (15 trials)
or a brush (six trials), but the use of floss was reported in the most recent trial, and cotton
application was reported in two trials carried out in Brazil and in one from USA. A variety of
fluoride gel types were used, including Acidulated Phosphate Fluoride (APF), Sodium Fluoride
(NaF), Amine Fluoride (AmF) and Stannous Fluoride (SnF2) (used in the most recent study only).
The fluoride concentrations ranged from 2425 ppm F (SnF2) to 12,500 ppm F (AmF and NaF).
The common 12,300 ppm F APF gel concentration was used in at least 13 trials. The three studies
which did not report the APF gel concentration are likely to have used the standard 12,300 ppm F,
as all were carried out in the same country, started in consecutive years, and had APF gel applied
by professionals once a year. The application frequency (times per year) ranged from once a year
(the most common frequency of application, reported in seven studies) to 140 times a year
(reported in the study of Englander 1967), but it varied greatly among the studies, with only five
studies reporting 'twice a year' application frequency. With the exception of the study of Shem
1976 (with five consecutive - once a day or once a week applications in one year) all 14 studies
where fluoride gel was professionally applied reported a frequency of application of four times a
year or less; likewise, with one exception (Trubman 1973) where frequency of application was four
times a year, the 11 studies of self-applied gel reported a frequency of application of five times a
year or more. The amount of gel applied was reported in only a few studies (either in 'ml' or 'gr')
and ranged from 1 to 4ml, and from 1 to 3mg. Where the application time was reported it ranged
from two to 10 minutes, with 16 studies reporting three to five minutes gel application time. As
regards the performance of some form of prior (professional or self-performed) tooth prophylaxis
before administering the gel this was used in 16 studies; as long as performed with no paste or with
a non-fluoride paste (if with a fluoride paste the trial would have been excluded), the prior
toothcleaning was considered by the reviewers as a possible part of the technique of gel application
and not as a separate intervention on its own.
Outcome measures
All 25 included trials reported caries increment data at the tooth surface level (D(M)FS reported in
23 trials, defs in the other two trials). Ten of the 23 trials reported caries increment data at the
tooth level (D(M)FT) and both trials that reported caries increment data for deciduous teeth only
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(defs), also reported data at the tooth level (deft). With regard to the components of the DMFS
index used (and types of teeth/surfaces assessed), 18 trials reported DMFS data (one trial for first
molars only and 17 trials for all tooth surface types), and other five reported DFS data (one trial for
all approximal surfaces only and four trials for all tooth surface types), one of these also reported
DS and FS data separately. Two of the 10 trials which reported D(M)FS data on specific teeth or
tooth surfaces - first molars, occlusal, mesio-distal (approximal) and/or buco-lingual - did not
report data on all tooth surfaces. Fourteen trials presented D(M)FS data at more than one followup time; 12 trials at one year follow-up time, 13 trials at two years, and nine trials at three years. In
four trials, assessments of D(M)FS increments were also made during a post-intervention followup period.
Clinical (all 25 trials) and radiographic examinations (five trials) provided 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 clinically 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 cavitation; ER = any radiolucency in
enamel/enamel-dentin junction; DR = radiolucency into dentin; 14 trials presented results using one
caries grade only (CA/DR); the 11 remaining trials either did not report the grade (eight trials), in
which case CA/DR was assumed, or reported both CA and NCA grades, in which case CA was
chosen. Data on state of tooth eruption considered were specified in 11 trials: data for teeth
erupted at baseline only were reported in 10 trials and combined data for erupting and erupted
teeth were reported in only one trial. Only the two studies of Marthaler 1970 did not use fiill mouth
recording.
Data on the proportion of children developing new caries were reported in one trial and on the
proportion of children not remaining caries-free in two trials. Adverse symptoms (nausea/
vomiting) were reported to have been assessed in three trials: two trials had useable data (one
reported that there were no events, another reported that there were three participants from the
treatment group who experienced one event each) but the remaining trial reported no clear data
(the event was reported to have occurred 'in many subjects'). Other outcome measures were
reported, but without complete or useable data: 'no side effects' was reported in one trial, and 'no
etching of enamel' was reported in another trial. Data for unacceptability of treatment (as measured
by dropouts/exclusions) were fully reported in six of the nine no treatment control trials.

Methodological quality of included studies
Based on 28 studies included in the topical fluoride reviews and randomly selected for assessment
of reproducibility and agreement between two reviewers, interrater 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). There was a considerable difference in the quality
of the studies in this review (using the reported information and additional information obtained
from investigators).
ALLOCATION CONCEALMENT
Eighteen included trials were described as randomized and assigned code B as no description was
provided on how the 'random' allocation was done, and seven trials were considered to be quasi
randomized and assigned code C. None of the trials which described the randomization process or
whose investigators provided further information in answer to our enquiry could be assigned code
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A (adequate concealment of allocation fully described).
BLINDING
Double-blinding was described in 14 trials (score A), single-blinding (blind outcome assessment but
no placebo used) was described in six trials (score B) and blind outcome assessment likely/unclear
was indicated in five trials (score C). Eleven of the 14 trials described as double-blinded were
scored B for allocation concealment, and two of the five trials where blind outcome assessment
was likely/unclear used a placebo control group.
FOLLOW-UP
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% (6286 analysed out of 8739 randomized),
excluding the six studies with no data on participants randomized to relevant groups. Dropout rates
could be obtained from all but two of the 25 included studies. There was considerable variation in
dropout rates ranging from 8% at one year to 55% at three years.
Where this information was supplied, the most 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 nine trials, and exclusions based on compliance were
reported in three trials. Other reasons for exclusions (when given) included characteristics of
participants that should have been used as eligibility criteria before randomization (use of
orthodontic bands, lifetime exposure to fluoridated water). Only one trial reported the numbers
excluded according to reason for attrition.
OTHERS
Type of randomization: stratified randomization was used in 12 trials (but there was no mention of
use of blocking).
Baseline comparisons and handling of any differences: two of the trials described as 'balanced' (for
which randomization may have succeeded to produce nearly exact balance) did not report the
actual values for the baseline characteristics (such as initial caries levels). Some degree of
imbalance was reported in four trials (for characteristics considered most influential, usually initial
caries levels) and either described as not significant or adjustment mentioned to have resulted in
trivial differences in effect estimates.
Objectivity/reliability of primary outcome measurement: diagnostic 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 'table of
included studies' for methodological features assessed).

Results
EFFECT OF FLUORIDE GEL ON DENTAL CARIES INCREMENT
The effects of fluoride gels on dental caries increment 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 difference (SMD); (4) effects on deciduous dentition.
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Standard deviations of mean caries increment data (new D(M)FS) were (partly) missing in four of
the 23 studies which contributed data (Abadia 1978; Bijella 1981; Mestrinho 1983; Ran 1991).
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
increment) = 0.64 + 0.55 log (mean caries increment), (R-squared = 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 standard deviation data for
two of the 10 trials reporting D(M)FT data (Bijella 1981; Mestrinlio 1983). No pooled estimate of
the effects of fluoride gels on caries increment in deciduous teeth could be produced as neither of
the two studies contributing data provided standard deviations of mean caries increment (new
defs).
Effect on tooth surfaces; D(M)FS prevented fraction
For all 23 trials combined, the D(M)FS prevented fraction pooled estimate was 0.28 (95% Cl, 0.19
to 0.37; p<0.0001), suggesting a substantial benefit from the use of fluoride gel. Substantial
heterogeneity in results could be observed graphically and statistically (Q= 135 on 22 degrees of
freedom, p<0.0001).
Meta-regression, subgroup and sensitivity analyses: D(M)FS prevented fraction
Univariate meta-regression suggested no significant association between estimates of D(M)FS
prevented fractions and the pre-specified trial characteristics: baseline levels of caries, background
exposure to other fluoride sources, background exposure to fluoridated water, background
exposure to fluoride toothpaste, gel application mode (operator/self), gel application self-applied
method (tray/ brush), and fluoride concentration. There was an association of frequency of
application as well as of'total intensity of application per year' (frequency x concentration) with the
prevented fraction, but both became non-significant when the trial of Englander 1967, a study with
high influence, was excluded from the analysis.
Further univariate meta-regression analyses showed no significant association between estimates of
D(M)FS prevented fractions and length of follow-up (duration of study), allocation concealment
(random/quasi-random), blinding of outcome assessment (blind/blind likely or unclear) or drop-out
rate. However, the pooled estimated treatment effect was 19% (95% Cl, 5% to 33%; p=0.009)
greater in trials with no treatment rather than placebo control groups. This association between
type of control group and D(M)FS prevented fraction remained significant after excluding the trial
of Englander 1967. The pooled estimate of treatment effect on D(M)FS PF from the nine trials
with a no treatment control group was 0.38 (95% Cl, 0.24 to 0.53; p< 0.0001), while that from the
14 placebo-controlled trials was 0.21 (95% Cl, 0.14 to 0.28; p< 0.0001). There remained
statistically significant heterogeneity in the analysis of the 14 trials with placebo control groups (Q=
22.52 on 13 degrees of freedom, p= 0.05) but this was substantially less than that observed when
all trials were included in the meta-analysis. Although this was a post hoc analysis and thus should
be viewed with caution, we have decided to present the results of the D(M)FS PF meta-analyses
subgrouped by type of control group.
For each study, the D(M)FS prevented fraction and 95% CIs can be viewed in the Tables of other
data; the results of the random effects meta-analyses of D(M)FS prevented fractions (performed in
Stata) are given in Additional Table 01: Meta-analyses of prevented fractions. Forest plots showing
the effects of fluoride gel (prevented fractions and 95% Cl) on D(M)FS increments resulting from
these meta-analyses, subgrouped by type of control group, are available on the Cochrane Oral
Health Group web site (www.cochrane-oral.man.ac.uk). In addition, forest plots showing the
effects of fluoride gel (PFs and 95% CIs) on D(M)FS increments resulting ffom a meta-analysis
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stratified by type of control group are available in the 5th review in this series (whose results
invigorate the discussion of the influence of this factor on effect estimates): Topical fluoride
(toothpastes, mouthrinses, gels or varnishes) for preventing dental caries in children and
adolescents (Comparison 01, Sub-categories 02 for placebo-controlled gel trials, and 05 for non
placebo control gel trials).
The association between type of control group and D(M)FS prevented fraction also remained
significant when each one of the above investigated potential effect modifiers were included in
bivariate meta-regression analyses, with or without the trial of Englander 1967; the exceptions
occurred for adjustment by self-applied method of application, fluoride concentration and intensity
of application, when the association between prevented fraction and type of control group became
non-significant, irrespective of exclusion or not of the trial of Englander 1967, and for adjustment
by blinding of outcome assessment if the trial of Englander 1967 was excluded. While an
association between blind outcome assessment and prevented fraction not shown when adjusting
for type of control group appeared after excluding the trial of Englander 1967 from the analysis,
associations between (operator/self applied) mode of gel delivery and prevented fraction and
between application frequency and intensity and prevented fraction were shown when adjusting for
type of control group, but did not remain after excluding the trial of Englander 1967 from the
analysis.
Meta-regression results for all potential effect modifiers, including the Englander study and in each
case adjusting for type of control group are given in Additional Table 02: Random effects meta
regression analyses of prevented fractions: D(M)FS. These results must be interpreted with caution
given the observational nature of the comparisons and the large number of comparisons made.
Note that differences between subgroups from meta-regression may differ from differences
between separate meta-analyses in separate subgroups (Additional Table 01) due to an assumption
of similar residual heterogeneity in the meta-regression.
In order to illustrate the magnitude of the effect, numbers of children needed to treat (NNT) to
prevent one D(M)FS were calculated based on the pooled D(M)FS prevented fraction and on the
caries increments in the control groups of the placebo-controlled trials, which ranged from 0.17 to
5.4 D(M)F S/year. The overall caries-inhibiting effect (%PF) derived from the pooled results of the
14 trials with placebo control groups was 21% (95% Cl, 14% to 28%). In populations with a
caries increment of 0.2 D(M)FS per year (at the lowest end of the results seen in the included
studies), this implies an absolute caries reduction of 0.042 D(M)FS/year, equivalent to an NNT of
24 (95% Cl, 18 to 36). In populations with a caries increment of 2.2 D(M)FS per year (at the mid
range of the results seen in the included studies), this implies an absolute caries reduction of 0.46
D(M)FS/year, equivalent to an NNT of 2 (95% Cl, 1 to 3).
Funnel plot: D(M)FS prevented fraction
A funnel plot of the 23 included studies reporting D(M)FS PFs indicated a relationship between
prevented fraction and precision (related to sample size). The funnel plot is asymmetrical and the
Egger formal test for asymmetry (Egger 1997) suggests statistically significant asymmetry
(intercept (95% Cl) = -2.7 (-5.08 to -0.31) (p= 0.03)). If this was a reflection of publication bias it
would imply that small studies with especially large beneficial effects of fluoride gel were missing.
The clinical significance of this result is unclear and appears to be related to the effects of two
outliers, a small study suggesting a large deleterious effect of fluoride gel and a large study
suggesting the largest positive effect.
The funnel plot is available on the Cochrane Oral Health Group web site (www.cochraneReview Manager 4.2.2
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oral.man.ac.uk). In addition, a funnel plot of the 23 trials comparing fluoride gel with placebo/no
treatment is available in 'Additional Figure 01', where D(M)FS standardized mean differences are
ploted against standard errors (see 'Alternative treatment effect measure' below).

Effect on whole teeth; D(M)FT prevented fraction
Ten trials reported data which allowed the calculation of the D(M)FT prevented fraction. All of
these trials are also included in the analysis of D(M)FS PF. The pooled estimate of D(M)FT
prevented fraction was 0.32 (95% Cl, 0.19 to 0.46; p< 0.0001). There was substantial
heterogeneity between trials (Q= 102.50 on 9 degrees of freedom, p< 0.0001).
As with the estimates of the effects of gels on D(M)FS PF, a meta-regression suggested that the
estimates from trials using no treatment as opposed to placebo controls were substantially higher,
in this case by 26% (95% Cl, 4% to 48%; p=0.02). The pooled estimate of the D(M)FT prevented
fraction from the six trials with a no treatment control group was 0.43 (95% Cl, 0.29 to 0.5; p<
0.0001), while that from the four placebo-controlled trials was 0.18 (95% Cl, 0.09 to 0.27; p<
0.0001). When the meta-analysis was confined to those trials with placebo controls, there remained
no statistically significant heterogeneity (Q= 3.18 on 3 degrees of freedom, p= 0.37).
For each study, the D(M)FT prevented fraction and 95% Cl can be viewed in the Tables of other
data. The results of the random effects meta-analyses of D(M)FT prevented fractions performed in
Stata are also presented in Additional Table 01 : Meta-analyses of prevented fractions.
Alternative treatment effect measure: Standardized mean difference (SMD)
Due to the character of D(M)FS data, mean caries increments are closely related to their standard
deviations (they are about the same). Thus, meta-analyses using standardised mean differences (the
difference between two means divided by an estimate of the within group standard deviation)
yielded materially similar results to those using prevented fractions (the difference in mean caries
increments between the treatment and control groups divided by the mean increment in the control
group). We therefore decided to present D(M)FS and D(M)FT SMDs in RevMan/Metaview,
grouped by type of control group (placebo/no treatment) since it was not possible to present the
main outcome analyses with prevented fractions. The results of these analyses are very similar to
and consistent with those reported above.
For the 14 placebo-controlled trials the pooled D(M)FS SMD estimate was 0.20 (95% Cl, 0.10 to
0.29; p< 0.0005). There was heterogeneity between trials (chi-square = 29.55 on 13 degrees of
freedom, p< 0.0055). The pooled estimate in the nine trials with no treatment control groups was
0.46 (95% Cl, 0.27 to 0.65; p< 0.0001) with substantial heterogeneity (chi-square = 44.42 on 8
degrees of freedom, p< 0.0001).
The pooled estimate of D(M)FT SMD based on the four placebo-controlled trials was 0.19 (95%
Cl, 0.09 to 0.29; p< 0.0002). There was no statistical evidence of heterogeneity (p= 0.43). The
pooled estimate of D(M)FT SMD based on the six trials with no treatment controls was 0.73 (95%
Cl, 0.32 to 1.13; p< 0.0004), and heterogeneity was substantial (chi-square = 76.81 on 5 degrees
of freedom, p< 0.0001).
Effect on deciduous dentition (defs increments)
Neither of the two trials reporting caries increment in deciduous tooth surfaces provided standard
deviations or data from which these could be derived and their results were therefore not pooled.
The trial of Englander 1978 reported equivocal results (no demonstrated effect of fluoride gel);
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while Treide 1988 reported an effect (defs PF) of fluoride gel of 0.39 (Cl not obtainable).
EFFECT OF FLUORIDE GEL ON OTHER OUTCOMES
Few trials report data for other relevant outcomes.
Proportion developing new caries and proportion not remaining caries-free
The only trial reporting on the proportion of children developing one or more new caries
(Gisselsson 1999) reported a risk ratio (RR) of 0.82 (95% Cl, 0.68 to 0.99). This is equivalent in
the study population to an NNT to prevent one child from developing caries of 8 (95% Cl, 4 to
100). Two trials reported results on the proportion of children not remaining caries-free
(Gisselsson 1999; Englander 1978). The pooled estimate (random effects meta-analysis) of the risk
ratio was 0.66 (95% Cl, 0.45 to 0.97; chi-square for heterogeneity 0.55 on 1 degree of freedom,
p= 0.46). This corresponds to an NNT to prevent one child ceasing to be caries-free of 7 (95% Cl,
4 to 50) in a population with a caries risk the same as that found in the control groups in these
trials.
Adverse symptoms (nausea/ vomiting)
Only two trials reported usable data on adverse events (Mestrinho 1983; Hagan 1985), but one of
these had no events in both arms. The pooled estimate of the risk difference between the gel and
placebo arms was 0.01 (95% Cl, -0.01 to 0.02; chi-square for heterogeneity 0.8 on 1 degree of
freedom, p= 0.37), ie. marginally favouring the Placebo/No-treatment (PL/NT) arm, although the
results were consistent with no difference.
Unacceptability of treatment (dropouts/exclusions)
The pooled estimate of the relative risk of dropping out from the gel as opposed to the non
treatment arm in the six non-placebo controlled trials that reported dropouts was 1.09 (95% Cl,
0.70 to 1.72). There was substantial heterogeneity in these results (chi-square = 28.19 on 5 degrees
of freedom, p< 0.0001).

Discussion
The main aim of this review was to estimate the effects on caries of using fluoride gel in children
compared to placebo or no treatment. Over 4400 children were included in the trials comparing a
fluoride gel with a placebo and over 2700 in those comparing fluoride gel with no treatment. For
the great majority of children the fluoride gel they received was Acidulated Phosphate Fluoride
(APF). There is clear evidence that fluoride gel has a caries-inhibiting effect. Basing the estimate on
those trials with placebo rather than no-treatment controls, provides a more conservative estimate
of treatment effect and suggests that use of this intervention is associated with a 21% (95% Cl,
14% to 28%) reduction in decayed, missing and filled tooth surfaces. This would correspond to a
number needed to treat (NNT) of 2 to avoid 1 D(M)FS per year in a child population with a caries
increment of 2.2 D(M)FS per year (in the middle range of control group rates for included studies),
or an NNT of 24 for children from a population with a caries increment of 0.2 D(M)FS/year (at the
lowest end of the observed range).
This estimate is very similar to that reported in a previous meta-analysis on the caries preventive
effect of fluoride gels (van Rijkom 1998), which found a pooled D(M)FS estimate of a 22% (95%
Cl, 18% to 25%) reduction in caries increment. There were substantial differences in selection
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criteria and methods between the reviews. Of the 19 studies included in the review by van Rijkom
1998, nine were also included in this review. Van Rijkom et al (van Rijkom 1998) included four
trials where fluoride toothpaste in gel form was applied daily by toothbrush in standard
concentrations (found in toothpastes) of less than 1500 ppm F, which did not meet the inclusion
criteria for our review. The other six studies not included here were excluded for a variety of
reasons. A fiirther 10 studies were identified for this review including one (Gisselsson 1999)
published after the van Rijkom review.
A secondary aim of this review was to examine whether there was any relationship between the
caries-preventive effectiveness of fluoride gel and a number of factors including the initial level of
caries severity, background exposure to fluoride and the mode and frequency of use. We were
unable to detect a clear relationship between any of these factors and the magnitude of the
treatment effect in spite of substantial variation between trials in these factors. This result should,
however, be interpreted with caution. Even a meta-analysis including 23 trials has very limited
power to detect such relationships and, like all analyses of observational data, is subject to the
problem of potential confounding. For some factors such as 'background exposure to fluoride'
there is, in addition, the problem of potential misclassification due to the poor quality of the
reported data. We were forced to make a number of assumptions, for instance classifying 'use of
fluoride toothpaste' for 13 of the studies on the basis of the year when the study was conducted.
We were also forced to treat this as a dichotomous variable (before/after mid 1970s), although it is
likely that use o f fluoridated toothpaste gradually increased during the 1960s, 1970s, and 1980s.
Similarly we grouped exposure to fluoride in toothpaste and fluoride in water into a single
dichotomous variable which is likely to group studies whose participants had quite different levels
of baseline exposure. These problems will bias any estimates of effect towards the null hypothesis.
We did observe significantly greater treatment effect with increased frequency and intensity
(frequency x concentration) of gel application, before and after adjustment in the analysis for type
of control group, and, after such adjustment, with self-applied compared with operator-applied gel
treatment. Although plausible, these relationships were however dependent on the inclusion of one
study with particularly powerful effects (Englander 1967). After exclusion of this study in a
sensitivity analysis no significant association was seen with either of these factors. Attempts to
disentangle these relationships are further complicated by the fact that those studies assessing the
self-application o f fluoride gels tended to employ higher frequencies of application. With the
exception of one study (Trubman 1973) where frequency of application was four times a year, the
nine studies of self-applied fluoride gel reported a frequency of application of five times a year or
more. By contrast, the studies where fluoride gel was professionally applied, with the exception of
one study (Sheni 1976) in which five consecutive daily or weekly applications in one year were
performed, reported a frequency of application of four times a year or less. Nevertheless,
considering that a 2.5% (95% Cl, 0.8% to 4.2%; p<0.009) increase in effect is shown per 10 extra
applications o f fluoride gel/year (see Additional Table 02), little/no difference of treatment effects
should be expected between the once and the twice a year lower frequency of application range
with the traditional operator-applied mode of APF gel treatment. More robust investigations of
these aspects o f the intervention require direct, head-to-head comparisons of different frequencies
and intensities, which were not within the scope of this review.
We made a thorough attempt to investigate sources of heterogeneity in this review, examining
factors related to participants, interventions and study quality. None of the a priori specified factors
was clearly related to heterogeneity. The only factor which was significantly related to
heterogeneity o f effect was whether the study employed a placebo or a no-treatment control group.
The latter group of studies was associated with a 19% higher estimate of treatment effect on the
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main outcome than those with a placebo control group. Blind assessment of outcome was an
inclusion criterion for this review but clearly participants could not have been blinded in trials with
no treatment controls. Although it is unclear why this should have been associated with differences
in outcome in these particular circumstances, type of control group can be considered a useful
'proxy' for the use or not of double-blinding in included studies, a key methodological feature that
probably represents the best indicator of study quality in this review. No association with treatment
effect could be demonstrated for the key quality domain of allocation concealment, possibly due to
the fact that this process was poorly described in the studies included.
We observed a degree of asymmetry in the funnel plot which suggested an association between
smaller studies and a lower estimate of treatment effect. Publication bias is usually reported to
result in a lower probability of publication of small studies with negative effects, the reverse of
what is observed here. This asymmetry was strongly influenced by two outliers, a small study
suggesting large negative effects out of line with all other results and a large study, which reported
the largest positive effect. There may be other reasons for differences between the average effects
in small and large studies and this result may well represent the effects of confounding by other
study characteristics.
We found little useful information about the effects of fluoride gels on a number of other clinically
important outcomes such as caries incidence in the deciduous dentition, use of dental services and
acute side effects, nor on epidemiologically important outcomes such as the proportion of children
remaining caries free. We also found no information on other adverse effects such as fluorosis,
tooth staining, or oral allergic reactions. This lack of evidence about adverse effects makes it more
difficult for clinicians and policy makers to weigh the benefits of fluoride gels in preventing caries
against possible side effects.
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Reviewers' conclusions
Implications for practice
This review suggests that the application of fluoride gels, either by professionals or self-applied, is
associated with a substantial reduction in caries increment. We found no evidence that this relative
effect was dependent on baseline caries level or exposure to other fluoride sources, although this
result should be interpreted with caution. A higher D(M)FS prevented fraction was shown with
increased frequency, intensity of application and with the self-applied gel treatment (where a higher
frequency of application is apparent), although these relationships were dependent on the inclusion
of one study with particularly powerful effect. Unfortunately the review does not provide useful
information on the likelihood of significant side effects with this treatment.

Implications for research
The quality of the trials included in this review is relatively poor and many reports lacked important
methodological details. This is likely in part to be due to the fact that most are relatively old. Many
characteristics considered crucial for excluding bias, such as clearly stated randomization and
allocation concealment, have only been more emphasised in later years, after most of the gel trials
were reported. However, given the clarity of the results, further randomized comparisons of
fluoride gel and placebo alone would be hard to justify. Head-to-head comparisons of fluoride gels
and other preventive strategies may provide more useful information. It is important that future
trials should include the assessment of potential adverse effects. The evaluation of possible
differences in effect associated to fluoride gel application features, such as frequency of application,
should be based on available/future trials that directly address the comparison of such features.
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Characteristics of included studies
Study ID

Methods

Participants

Interventions

Outcomes

A badia 1978

Stratified quasi-random
allocation; blind caries
assessment stated but unclear
(C);
non-placebo-controlled;
13% drop-out after 1 year
(study duration = 1 year).
N atural losses only; no
differential losses among
groups.

254 children analysed at 1
year (available at final
examination).
Age range 11-12 years.
Surfaces affected: 12.2
DMFS
Exposure to other fluoride:
none assumed
Y ear study began: 1977
Location: Brazil

FG +ptc (2 groups)** versus
NT
(APF group 1 = 12,300 ppm
F,
APF group 2 = 12,300 ppm
F).

lyNetDM FS increm ent (CA)(E).
Reported at 1 year follow-up.

B ijella 1981
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Stratified quasi-random
320 children analysed at 1.5
allocation; blind caries
years (after exclusions,
assessment stated but unclear available at final
examination).
(C);
non-placebo-controlled;
Age range 7-10 years.
20% drop-out after 1.5 years Surfaces affected: 6.6 DMFS
(study duration = 1 .5 years). Exposure to other fluoride:
Exclusions based on
none assumed
Year study began: 1979
'statistical reasons' (made at
Location: Brazil
random to keep groups o f
equal sizes, after 11% natural
loss).

Operator-applied, with
cotton-paint, once a year,
applied for 4 minutes.

FG+ptc** versus NT
(APF group = 12,300 ppm
F).
Operator-applied, with
cotton-paint, once a year,
2ml applied for 4 minutes.

0-D M FS
MD-DMFS
BL-DMFS
Dropout

1.5yDMFS increm ent (CA)(E).
Reported at 1.5 years
follow-up.
O-DMFS
BL-DMFS
MD-DMFS
DMFT(CA)(E)
Dropout (no data by group)

Notes

Allocation
concealment

Participants randomized (N =
291).
Baseline characteristics
(dental age, DMFS, gender)
'balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state of tooth eruption
included = E; diagnostic
errors NR.
**Pnor prophylaxis with
non-fluoride paste caried out
in FG groups only.

C

Participants randomized (N =
401); numbers (natural
dropout) b) group NR.
Baseline characteristics
(dental age, DMFS, DMFT,
gender) 'balanced'.
Clinical (VT) caries
assessment by four
examiners; diagnostic
threshold = CA; state of tooth
eniption included = E;
reversal rate = 2.2% and
0.7% o f observ ed DMFS
increment in FG and control
groups respectively.
**Prior prophylaxis w ith
non-fluoride paste carried out

C
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28
in FG group only.

Bryan 1970

Cobb 1980

Cons 1970

Review Manager 4.2.2

Random allocation;
single-blind (B);
non-placebo-controlled;
28% drop-out after 2 years
(study duration = 2 years).
Reasons for attrition NR; no
differential group losses.

Random allocation;
single-blind (B);
non-placebo-controlled;
19% drop-out after 2 years
(study duration = 2 years).
Reasons for attrition NR;
differential group losses (but
reported as NS difference).

Random allocation;
double-blind ('A');
placebo-controlled ('PL');
26% drop-out after 3 years
(study duration = 3 years).
Natural losses; exclusions
based on presence in all
follow-up examinations;
differential group losses.

208 children analysed at 2
years (available at final
examination).
Age range 8-12 years
(average = 9.5).
Surfaces affected: 8.3 DMFS
Exposure to other fluoride:
none assumed
Year study began: in/before
1966
Location: USA
193 children analysed at 2
years (available at final
examination).
Age range 11-14 years.
Surfaces affected: 5.7 DMFS
(data from original sample
only)
Exposure to other fluoride:
toothpaste assumed
Y ear study began: in/befbre
1977
Location: USA

589 children analysed at 3
years (present for all
examinations).
Age range 6-11 years
(average = 8).
Surfaces affected: 3 DMFS
(first molar)
Exposure to other fluoride:
none assumed

FG+ptc versus NT+ptc
(APF, concentration NR).
Operator-applied, w hh tray,
once a year, applied for 4
minutes.

2yNetDMFS increment (CA).
Reported at land 2 years
follow-ups.
DMFT(CA)
Dropout

FG+ptc versus NT+ptc
(APF group = 12,300 ppm
F ).

2yDMFS increment - (CA).
Reported at 0.5, 1, 1.5, and 2
years follow-ups.

Operator-applied, m th
cotton-paint, tuice a year,
applied for 4 minutes.

Dropout

FG+ptc versus 'PL'+ptc
(APF group = 12,300 ppm
F).

3yNetlstm D M FS increm ent
(E).
Reported at 3 years
follow-up.

Operator-applied, with tray,
once a year, applied for 4
minutes.

NetDM FT(E)

Participants randomized (N =
287).
Baseline characteristics
(gender, DMFS, DMFT)
balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state of tooth eruption
included NR; diagnostic
errors NR.

B

Participants randomized (N =
237).
Baseline characteristics (age,
gender, ethnicit), regularit)
of dental care) described as
'balanced' (\alues NR); initial
DMFS balanced.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state o f tootli eruption
included NR; diagnostic
errors NR.

B

Participants randomized (N =
795).
Baseline characterislics
(DMFS, DM FT) with some
imbalance, but "adjustment
made little difference in the
m agnitude of caries
increment".
Clinical (VT) caries

B
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assessment by four
examiners; diagnostic
threshold NR; state o f tooth
eruption included = E;
diagnostic errors NR

Y ear study began: 1964
Location: USA

D ePaola 1980

E n g la n d er 1967

Review Manager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; drop-out
rate NR nor obtainable (study
duration = 2 years + 1 year
post-study period).
Exclusions based on
compliance and presence in
both follow-up examinations;
any differential group losses
not assessable.

270 children analysed at 1*
year (after exclusions,
present for both
examinations).
Age range 12-14 years
(average = 13).
Surfaces affected: NR
Exposure to other fluoride:
toothpaste assumed
Y ear study began: in/befbre
1977
Location: USA

Stratified random allocation; 500 children analysed at 1.8
single-blind (B);
years (present for all
non-placebo-controlled;
examinations).
13% drop-out after 1.8 years Age range 11-14 years
(study duration = 1 .8 years + (average = 12).
1.9 years post-intcrvciUion
Surfaces alTcctcd: 10.1
period). N atural losses and
DMFS
losses due to other reasons
Exposure to other fluoride:
(NR); exclusions based on
no
presence in all follow-up
Year study began: 1964
exam inations; differential
Location: USA
group losses.

29

FG versus PL
(APF group = 12,300 ppm
F).
Self-applied under
supenision, with tray, 10
consecuti\ e applications
(days) in 1st year, applied for
5 minutes.

FG (2 groups) versus NT
(APF group = 5000 ppm F,
NaF group = 5000 ppm F).

ly*NetDFS increm ent (CA)cU-xr.
Reported at 1 and 2 years
follow-ups (and 1 year
post-treatment).

Participants randomized
(num bers NR).
Baseline characteristics (age,
dental age, DFS) described as
"balanced" (values NR).
C linical (VT) caries
assessm ent by two
examiners; diagnostic
threshold = CA; state of tooth
eruption included NR
Radiographic assessment (2
postBW ) by two examiners
(diagnostic threshold NR);
diagnostic errors NR.
♦Intervention applied during
1st year of study only (final 2
years results not considered).

1.8yDMFS increm ent - (CA). Participants randomized (N=
574).
Reported at 1.8 years
Baseline characteiistics (age,
follow-up (and 1.9 years
gender, DMFS, DMFT)
Self-applied under
post-treatment).
"balanced".
supenision, wilh (ray, 140
Clinical (VT) caries
times a year (average),
DMFT(CA)
assessment by one examiner;
l-2m g F (5-10 drops) applied
diagnostic threshold = CA;
for 6 minutes ***.
state o f tooth eruption
Dropout
included NR; diagnostic
Etching o f enamel
errors NR.
♦♦♦Gel application started 7
(incomplete data)

B

B
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30
weeks after baseline
examination.

Englander 1971

Englander 1978

Gisselsson 1999

Review Manager 4,2.2

Stratified random allocation;
single-blind (B);
non-placebo-controlled;
38% drop-out after 2.5 years
(study duration = 2.5 years).
Reason(s) for high dropout
rate NR; any differential
group losses not assessable.

557 children analysed at 2.5
years (available at final
examination).
Age range 11-15 years
(average = 12.2).
Surfaces affected: 3.7 DMFS
Exposure to other fluoride:
water
Year study began: 1967
Location: USA

Stratified random allocation;
double-blind (A);
placebo-controlled; 37%
drop-out after 1.5 years
(study duration = 2.3 years).
M ain reason for high dropout
rate described (large number
o f families transferred from
study location); no
differential group losses.

145 children analysed at 1.5*
years (available at 2nd
examination).
Age range 2-6 years (average
= 4.8).
Surfaces affected: 3.7 defs
(data from original sample
only) - 43% caries-free
Exposure to other fluoride:
water
Year study began: in/before
1974
Location: USA

Stratified quasi-random
allocation; double-blind (A),
placebo-controlled; 12%

280 children analysed at 3
years (available at final
examination).

FG versus NT
(APF group = 5000 ppm F).
Self-applied under
supenision, with tray, 85
times a year (average), 1-2
mg applied for 3 min.

FG versus PL
(APF group = 5000 ppm F).
Self-applied under
supenision, with tray, 76
times a year (average), 1 mg
(5drops) applied for 3
minutes.

FG(2 groups) versus PL
(NaF group = 4500 ppm F,
SnF2 group = 2425 ppm F).

2.5yNetDMFS increment (CA)(E).
Report>ed at 2.5 years
follow-up.
Dropout (no data by group)

1.5y*defs increm ent (CA)(E).
Reported at 0.5,1.5 and 2.3
years follow-ups.
deft (CA)(E)
Proportion of children
rem aining caries-free

3yMD-DFS increm ent
(CA)cl+ (DR)xr.
Reported at 3 years

Participants randomized (N=
896); numbers by group NR.
Baseline characteristics (age,
gender, ethnicit)', DMFS,
SAR) 'b alan ced '.
Clinical (VT) caries
assessment by tw o
examiners; diagnostic
threshold = CA; state of tooth
eruption included = E;
diagnostic errors NR. Results
presented combined and
separately by examiner;
integrated results chosen.

B

Participants randomized (N =
231).
Baseline characteristics (age,
deft, defs, TAR, SAR, %
caries-free) 'b alan ced '.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state o f tooth eruption
included = E; diagnostic
errors NR.
♦Dramatic drop-out rate after
1.5 years o f treatm ent (final
2.3 years results not
considered).

B

Participants randomized (N =
317).
Baseline characteristics

C
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drop-out after 3 years (study
duration = 3 years). Reasons
for attrition described with
respective total numbers (29
moved away, 8 refused
participation); difterential
group losses.

Hagan 1985

Review Manager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; 26%
drop-out after 2 years (study
duration = 2 years). N atural
losses; any differential group
losses described as 'NS
differences, ranging from
24% to 26%'.

Average age 13 years.
Surfaces affected; 0.24
DFS***
- 39% caries free
Exposure to other fluoride:
toothpaste
Y ear study began: 1993
Location: Sweden
Dental treatm ent level
(F/DF): 45%

316 children analysed at 2
years (available at final
examination).
Age range 11-15 years
(average = 12.5).
Surfaces affected: 4.6 DMFS
Exposure to other fluoride:
toothpaste
Year study began: 1981
Location: USA

follow-up.
Operator- applied, with
floss+syringe, 4 times a year,
1ml applied for 10 minutes.

DS
FS
Proportion o f children
rem aining caries-free,
proportion w ith one or more
new DFS (at NCA/ER level)

FG(2 groups)+ptc\e rsu s
PL+ptc
(APF group 1 = 12,300 ppm
F, APF group 2 = 6000 ppm

2yDMFS increm ent - (E).
Reported at 2 years
follow-up.

F).

PF-DMFS
MD-BL-DMFS

Operator-applied, w ith tray,
twice a year, 2.5ml applied.

Nausea/vomiting w ithin 15
m in o f gel application

(MD-DFS, DS, FS, %
caries-free) w ith some
imbalance (reported as NS
difference).
Clinical caries assessment by
eleven examiners; diagnostic
threshold = CA and NCA;
state o f tooth eruption
included NR. Radiographic
assessment (postBW) by one
examiner; diagnostic
threshold = DR and ER.
Diagnostic errors NR.
*** Gel application started
12 weeks before (2nd)
baseline examination.
Participants randomized (N =
428); num bers by group NR.
Baseline characteristics (age,
gender, ethnicit) , DMFS,
regularit)' o f dental care,
previous exposure to other
fluoride sources, etc)
described as 'balanced' ("NS
higher DM FS value for one
group").
Clinical (VT) caries
assessment by one examiner:
diagnostic threshold NR;
state o f tooth eruption
included = E; reversal rate
less than 0.002% of obscn cd
caries increm ent in all
groups.

B
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Heifetz 1970

Horowitz 1971

Horowitz 1974

Review Manager 4.2.2

Stratified quasi-random
allocation; double-blind ('A');
placebo-controlled ('PL’);
41% drop-out after 2 years
(study duration = 2 years).
Reason(s) for high dropout
rate NR; exclusions based on
compliance and presence in
all follow-up examinations;
no differential group losses.

309 children analysed at 2
years (after exclusions,
present for all
examinations).
Age range 12-13 years.
Surfaces affected; 8.2 DMFS
Exposure to other fluoride:
none assumed
Y ear study began: 1966
Location: USA

Stratified quasi-random
allocation; single-blind (B);
non-placebo-controlled;
36% drop-out after 3 years
(study duration = 3 years+2
years post-interv ention
period). N atural losses;
exclusions based on use of
orthodontic bands; no
differential group losses.

352 children analysed at 3
years (available at final
examination).
Age range 10-12 years.
Surfaces affected: 8.9 DMFS
Exposure to other fluoride:
none assumed
Y ear study began: 1965
Location: Hawaii

Stratified quasi-random
allocation; double-blind ('A');
placebo-controlled ('PL');
55% drop-out alter 3 years
(study duration = 3 years).
M ain reason for high dropout
rate described (children
leaving public school at an
early age); exclusions based
on presence in all follow-up

233 children analysed at 3
years (present for all
examinalions).
Ago range 11-14 years
(average = 11.5).
Surfaces affected: 11.4
DMFS
Exposure to other fluoride:
no
Y ear study began: 1967

FG+ptc versus 'PL'+ptc
(APF group = 12,300 ppm

F).
Self-applied under
supervision, with toothbrush,
5 times a year, 4ml applied
for 5 minutes.

FG+ptc \ ersus NT+ptc
(APF group = 12,300 ppm

F).
Operator-applied, with tray,
once a year, applied for 4
minutes.

FG+ptc versus 'PL'+ptc
(APF group = 12,300 ppm
F).
Self-applied under
supervision, with toothbrush,
5 times a year, 4ml applied
for 2 minutes.

2yNetDMFS increm ent (E+U).
Reported at 1 and 2 years
follow-ups.

32
Participants randomized (N =
525).
Baseline characteristics
(DMFS, DMFT) 'balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
tlu’eshold NR; state of tooth
eruption included = E+U;
reversal rate approximate!)
4% of observ ed DMFS
increment for all groups
combined.

C

3yNetDMFS increm ent - (E). Participants randomized (N =
Reported at 1, 2 and 3 years
552).
follow-ups (and 2 years
Baseline characteristics
post-treatment).
(DMFS, DM FT) 'balanced'.
Clinical (VT) caries
O-DMFS
assessment by one examiner;
BL-DMFS
diagnostic threshold NR;
MD-DMFS
state of tooth eruption
NetDM FT(E)
included = E; diagnostic
errors NR.
Dropout

C

3yNetDMFS increm ent (CA).
Reported al 1.2 and 3 years
follow-ups.

C

NetDMFT(E+U)

Participants randomized (N =
512).
Baseline characteristics (age.
dental age. DMFS) described
as 'balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA; state of tooth
eruption included NR;
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In g rah am 1970

examinations; no differential
group losses.

Location; Brazil

Random allocation;
single-blind (B);
non-placebo-controlled;
23% drop-out after 2 years
(study duration = 2 years).
Reasons for attrition NR; no
differential group losses.

119 children analysed at 2
years (available at final
examination).
Age range 6-11 years
(average = 9).
Surfaces affected: 2.4 DMFS
Exposure to other fluoride:
none assumed
Y ear study began: 1965
Location: USA

33
diagnostc errors NR

FG (2 groups)+ptc versus
NT+ptc
(APF groups 1 and 2,
concentration(s) NR).
Operator-applied, w ith tray
(beeswax vs foam rubber),
once a year (data extracted
from Bi}an 1968), applied
for 4 minutes.

2yNetDMFS increm ent (CA).
Reported at 1 and 2 ) ears
follow-ups.

Participants random ized (N =
155).
Baseline characteristics
(DMFS, DMFT) "balanced".
Clinical (VT) caries
NetDMFT(CA)
assessment by one examiner;
diagnostic threshold = CA;
Nausea/vomiting on
state o f tooth eruption
application seen as a reaction included NR; diagnostic
according to t>pe of tray used errors NR.
(no data)

B

Dropout
M ainwaring 1978

Review Manager 4. 2 2

Stratified random allocation;
double-blind (A);
placebo-controlled; 18%
drop-out (for all study groups
combined) after 3 je a rs
(study duration = 3 years).
Natural losses; any
differential group losses not
assessable.

631 children analysed at 3
years (available at final
examination).
Age range 11-12 years.
Surfaces affected: 7.9 DFS
Exposure to other fluoride:
no
Year study began: in/befbre
1974
Location: UK

FG+ptc versus PL+ptc
(APF group = 12,300 ppm
F).
Operator-applied, with tray,
twice a year, applied for 4
minutes.

3yNet/Crude DFS increment
- (CA)(E)cl+(ER)xr.
Reported at 3 years
follow-up.
PF-DFS cl
postMD-DFS xr
DFS (U) cl+xr
CIR

Participants randomized
(numbers for relev ant groups
NR).
Baseline characteristics (age,
SAR, DFS) "balanced".
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state o f tooth eruption
included = E. Radiographic
assessment (2 postBW) by
one examiner; diagnoslic
threshold = ER.
Intra-exam iner
reproducibility checks for
DFS in 10% sample (icc for
VT/XR over 0.95); error
variance less than 5% of
total variance; reversal rate

B
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34
less than 4% of observed
DFS increment in all groups.

M arthaler 1970

M arthaler 1970a

Review Manager 4.2.2

Random allocation;
indication o f 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.

Random allocation;
indication o f 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 o f
orthodontic bands, and
presence in all follow-up
examinations; any
differential group losses not
assessable.

120 children analysed at 3
years (present for all
examinations).
Age range 6-7 years.
Surfaces affected: 0.81
DMFS
Exposure to other fluoride:
salt
Y ear study began: 1966
Location: Switzerland

41 children analysed at 2&4*
years (present for all
examinations).
Age range 7-9 years.
Surfaces affected: 2.5 DMFS
Exposure to other fluoride:
salt
Year study began: 1966
Location: Switzerland

FG versus PL
(AmF/NaF group = 12,500
ppm F).
Self-applied under
super\ ision, with toothbrush,
20 times a year, Ig applied
for 6 minutes.

FG versus PL
(AmF/NaF group = 12,500
ppm F).
Self-applied under
supervision, with toothbrush,
22 times a year, Ig applied
for 6 minutes.

3yNetDFS increment (CA)cl+(DR)xr.
Reported at 1 and 3 years
follow-ups.
IstmPF-DFS (CA)cl
IstmM D-DFS (CA)xr

2y*NetDFS increment (CA)cl+(DR).\r.
Reported at 2 and 4 years
follow-ups.
IstmPF-DFS (CA) cl
IstmMD-DFS (DR) xr

Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age,
DFMS, IstmDM FS)
'balanced'.
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 tw o
exam iners know n from
earlier work'.

B

Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age,
DMFS, IstmDM FS)
'balanced'.
Clinical (V) caries
assessment by two
examiners; diagnostic
threshold = CA and NCA;
state of tooth eruption
included NR. Radiographic
assessment (2 postBW) by

B
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two examiners; diagnostic
tlireshold = DR and ER;
partial recording. 'Sufficient
agreement of exam iners
known from earlier work'.
*FG replaced by F solution
after 2 years (final 4 years
results not considered).

M estrinho 1983

Olivier 1992

Review Manager 4.2.2

Stratified quasi-random
allocation; blind caries
assessment stated but unclear
(C);
non-placebo-controlled;
20% drop-out after 1 year
(study duration = 1 year).
Exclusions based on
'statistical reasons' (made 'at
random' to keep groups o f
equal sizes, after 8% natural
loss).

Random allocation;
double-blind (A);
placcbo-coiit rolled; 12%
drop-out after 2 years (study
duration = 2 years). Natural
losses; 'exclusions not based
on compliance'; no
dififerentiai group losses.

174 children analysed at 1
year (after exclusions,
available at final
examination).
Age range 7-10 years.
Surfaces affected: NR
Exposure to other fluoride:
none assumed
Y ear study began: 1981
Location: Brazil

FG+ptc** versus NT
(APF group = 9150 ppm F).

lyDMFS increment.
Reported at lyear follow-up.

Operator-applied, with tray,
twice a year, 2.5ml applied.

O-DMFS
BL-DMFS
MD-DMFS
DMFT
Nausea on application,
discomfort in using trays
Dropout (no data by group)

431 children analysed at 2
years (available at final
c.xaminalion).
Age range 6-7 years.
Surfaces affected: 0.68
DMFS
Exposure to olhcr fluoride:
toothpaste
Y ear study began: 1985
Location: Canada

FG versus PL
(APF group = 12,300 ppm
F).
Operator-applied, with tray,
twice a year, applied for 4
minutes.

2yDMFS increm ent - (CA).
Reported at 2 years
follow-up.

Participants random ized (N =
218); numbers by group NR.
Baseline characteristics
(dental age, DMFS)
described as 'balanced'
(values NR).
Clinical (VT) caries
assessment b) three
examiners; diagnostic
threshold NR; state o f tooth
eruption included NR;
diagnostic errors NR.
**Prior toothbrushing with
non-fluoride toothpaste and
abrasive paste performed in
FG group only.

C

Participants random ized (N =
488).
Baseline characlerislics (age,
DFMS, dels, daily sugar
consumption,daily
toothbrushing, exposure to
other fluoride, etc) 'balanced'.

B

Clinical (VT) caries
assessment by five
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examiners; diagnostic
threshold = CA; state of tooth
eruption included NR; interand intra-exam iner
reproducibilit)' checks for
DMFS in 10% sample (icc
over 0.96).
Ran 1991

Shern 1976

Review Manager 4.2.2

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 o f exclusions NR;
any differential group losses
not assessable.

Random allocation;
double-blind (A);
placebo-controlled; 8%
drop-out after 1 year (study
duration = 2 years). Natural
losses only; 'losses distributed
evenly among groups'.

83 children analysed at 1.5
years; all male.
Average age 13 years.
Surfaces affected; 6.5 DMFS
Exposure to other fluoride:
data not obtained for
dentifrice
Y ear study began: in/before
1989
Location. Israel

562 children analysed at 1*
year (available at 1st
examination).
Age range 6-13 years.
Surfaces affected: 2.7 DMFS
(data from original sample
only)
Exposure to other fluoride:
none assumed
Y ear study began: in/before
1973
Location: Venezuela

FG (2 groups) versus PL
(AmF group 1= 4000 ppm F,
AmF group 2 = 12,500 ppm
F).

Participants randomized
(numbers for relev ant groups
NR).
Baseline characteristics
(DFMS) with some
imbalance (reported as NS
difference). Clinical (VT)
caries assessment by one
examiner; diagnostic
threshold = CA; state of tooth
eruption included NR;
intra-exam iner
reproducibilit) checks for
DMFS (icc reaching 0.97).

B

Participants randomised (N =
614).
Baseline characteristics
(DFMS) "balanced'.
0-D M FS
Clinical (VT) caries
MD-BL-DMFS
assessment by one examiner;
diagnostic threshold NR;
Side effects (incomplete data) state o f tooth eruption
included NR; diagnostic
errors NR.
* Intervention applied during
1st year o f study only (final 2
years results not considered).

B

1.5yNetDMFS increm ent (CÀ).
Reported at 0.5 and 1.5 years
follow-ups (and 0.5 year
post-treatment).

Self-applied under
supervision, with toothbrush,
25 times a year, Ig applied
for 4 minutes.

FG (3groups)+ptc versus
PL(2 groups)+ptc
(APF group 1 = 12,300 ppm
F, AmF group 1 = 12,500
ppm F, AmF group 2 =
12,500 ppm F).
Operator-applied, with tray
5 consecutive applications
(eveiy day/week) in 1st year,
3 mg (about 14 drops)
applied for 5 min.

ly*NetDM FS increment.
Reported at 1 and 2 years
follow-ups.
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Szwejda 1972

Treide 1988

Trubman 1973

Review Manager 4.2.2

Random allocation;
double-blind ('A');
placebo-controlled ('PL');
drop-out rate NR nor
obtainable (study duration =
3 years). Exclusions based on
lifetime exposure to
fluoridated water, compliance
to treatm ent, and presence in
all follow-up examinations;
any differential group losses
not assessable.

Random allocation;
double-blind (A);
placebo-controlled; 33%
drop-out after 3 years (study
duration = 3 years). No
differential group losses.

Stratified random allocation;
double-blind (A);
placebo-controlled; 46%
drop-out after 3 years (study
duration = 3 years). M ain
reason(s) for high dropout
rate NR; exclusions based on

FG+ptc versus 'PL'+ptc
316 children analysed at 3
(APF, concentration NR).
years (after exclusions,
present for all examinations).
Operator-applied, with tray
Age range 7-9 years.
once a year.
Surfaces affected; 0.86
DMFS
Exposure to other fluoride:
water
Y ear study began: in/before
1968
Location: USA

433 children analysed at 3
years.
Average age 3.5 years.
Surfaces affected: NR (but
dmft data reported from
original sample only = 0.8)
Exposure to other fluoride:
no
Year study began: 1983
Location: GDR
311 children analysed at 3
years (present for all
examinations).
Average age 8.1 years.
Surfaces affected: 2.1 DMFS
Exposure to other fluoride:
none assumed

FG (3 groups) +ptc versus
PL+ptc
(NaF+hexaf group = 12,500
ppm F, NaF group = 12,500
ppm F, AmF group = NR).

3yNetDMFS increment - (E). Participants randomized
(numbers NR).
Reported at 3 years
follow-up.
Baseline characteristics (age,
DMFT, DMFS, TAR, SAR)
0-D M FS
"balanced'.
MD-DMFS
Clinical (VT) caries
BL-DMFS
assessment by more than one
examiner;
diagnostic
NetDMFT(EZU)
threshold NR; state of tooth
eruption included = E and U;
reversal rate 3.9% and 2.2%
o f observ ed DMFT
increment, and 3.2% and
1.5% of observed DMFS
increm ent in FG and PL
groups respectively (3rd year
results only).
3ydmfs increment - (E).
Reported at 1, 2 and 3 years
follow-ups.
dmft (E)

Self-applied under
supervision, with toothbrush,
approximately 130 times a
vear.
FG+ptc versus PL+ptc
(APF group = 12,300 ppm
F).
Self-applied under
supervision, with tray
4 times a year, applied for 4
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3yNctDMFS increment (CA).
Reported at 2 and 3 years
follow-ups.
NetDMFT(CA)

Participants randomized (N =
643).
Baseline characteristic (dmft)
"balanced'. Clinical (VT)
caries assessment by tw o
examiners; diagnostic
threshold NR; state of tooth
eruption included = E.

B

B

Participants random i/cd (N =
575).
Baseline characteristics (age,
DMFT, DMFS) with some
imbalance (DMFS) "but
adjustment results in trivial
changes in crude means".
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presence in all follow-up
examinations; differential
group losses.

Y ear study began: in/befbre
1969
Location: USA

minutes.
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Clinical (VT) caries
assessment by t\AO
examiners; diagnostic
threshold = CA; state of
tooth eruption included NR;
reversal rate 18.4% and 9.2%
o f obsen ed DM FT increment
in FG and PL groups
respectively.

Dropout 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 o f treatment period (final sample), unless otherwise stated. Age range
(average age when reported) at the time the study was begun based on all study participants or
only on relevant groups when data were available.
N = numbers; NR = not reported; NS = not significant; PL = placebo gel; P L' = not a true
placebo (inactive treatment other than gel used); 'A ' = classified as double-blind but participants
may not be blind ('PL' used); N T = no treatment; FG = fluoride gel treatment; ptc = prior tooth
cleaning performed with or without a non-fluoride paste; APF = acidulated phosphate fluoride;
NaF = sodium fluoride; AmF = amine fluoride; SnF2 = stannous fluoride; ppm F = parts per
million offluoride; D(M)FS/T = decayed, (missing )andfilled permanent surfaces or teeth; deft/s
= decayed, needing extraction and filled deciduous teeth or surface; dmft/s = decayed, missing
andfilled deciduous teeth or surface; O = occlusal surfaces; PF = p it and fissure surfaces; MD
= mesio and distal surfaces; BL = buco and lingual surfaces; Istm =first permanent molar; SAR
= surfaces at risk; TAR ^ teeth at risk; CIR caries incidence rate; CL clinical examination;
VT = visual-tactile assessment; XR = radiographic examination; postBW = posterior bite-wing
x-ray assessment; E = teeth erupted at baseline; U = teeth unerupted at baseline; NCA =
non-cavitated enamel lesions visible as white spots or discolored fissures; CA = lesions showing
loss o f enamel continuity that can be recorded clinically (undermined enamel, with rough 'softened
floor/walls when probed) or showing frank cavitation; ER = any radiolucency in
enameTenamel-dentin junction; DR = radiolucency into dentin; icc = intra-class correlation
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coefficient.
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Characteristics of excluded studies
Study ID

Reason for exclusion

Bellini 1981

Additional fluoride based intervention associated to fluoride gel. Blind
outcome assessment not stated and unlikely.
Note - No relevant outcome reported.

Boyd 1985

Additional fluoride based intervention associated to fluoride gel.
Clearly not randomized or quasi-randomized. Blind outcome
assessment not stated. Length of follow-up of less than one year/school
year.

Heifetz 1979

Additional fluoride based intervention associated to fluoride gel.
Note - Inappropriate 'placebo' used.

Ivanova 1990

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Kukleva 1983

Random or quasi-random allocation not stated or indicated. Open
outcome assessment reported after contacting author.

Kukleva 1998

Random or quasi-random allocation not stated or indicated. Open
outcome assessment reported after contacting author.

Mellberg 1978

Blind outcome assessment not stated and unlikely in any element
/phase of assessment.

Pinto 1993

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Shobha 1987

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.
Note - Main outcome data not reported in control group (and not
obtainable).

Spears 1978

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not stated and unlikely .
Note - Dramatic drop-out rate during the study period.

Stadtler 1982

Medically compromised group of institutionalised children selected.

Saoke 1989

Additional fluoride or non-fluoride based intervention associated to
fluoride gel. Random or quasi-random allocation not stated or
indicated. Blind outcome assessment not stated and unlikely.

Szwejda 1971

No random or quasi-random allocation used (concurrent control taken
from another study).
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Table of comparisons
01 Fluoride Gel versus Placebo/No-treatment
01 D(M)FS increment (prevented fraction) - nearest to 3 years (23 trials)
01 Placebo control
02 No-treatment control
02 D(M)FT increment (prevented fraction) - nearest to 3 years (10 trials)
01 Placebo control
02 No-treatment control
03 D(M)FS increment (SMD) - nearest to 3 years (23 trials)
01 Placebo control
02 No-treatment control
04 D(M)FT increment (SMD) - nearest to 3 years (10 trials)
01 Placebo control
02 No-treatment control
05 Signs of acute toxicity - nausea, vomiting (2 trials)
06 Unacceptability of treatment as measured by leaving study early (6 trials)
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Other data tables
01 Fluoride Gel versus Placebo/No-treatment
01 D(M)FS increment (prevented fraction) - nearest to 3 years (23 trials)
01 Placebo control
Study ID

P rev en ted fractio n

9 5 % c.i.

Cons 1970

18%

( l% to 35%)

DePaola 1980

6%

(-14% to 26%)

Gisselsson 1999

12%

(-32% to 56%)

Hagan 1985

27%

(10% to 44%)

Heifetz 1970

8%

(-15% to 30%)

Horowitz 1974

33%

(22% to 44%)

M ainwaring 1978

14%

(3% to 25%)

M arthaler 1970

40%

(22% to 58%)

M arthaler 1970a

16%

(-27% to 59%)

Olivier 1992

9%

(-8% to 27%)

Ran 1991

-85%

(-398% to 228%)

Shem 1976

28%

(-6% to 61%)

Szwejda 1972

4%

(-21% to 28%)

Trubm an 1973

35%

(19% to 50%)

02 No-treatment control
Study ID

P rev en ted fractio n

9 5 % c.i.

Abadia 1978

14%

(-6% to 34%)
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Bijella 1981

51%

(42% to 60%

B iyan 1970

37%

(23% to 52%)

Cobb 1980

35%

(14% to 56%)

Englander 1967

77%

(67% to 88%)

E nglander 1971

29%

(10% to 48%)

Horowitz 1971

24%

(9% to 40%)

Ingraham 1970

41%

(19% to 64%)

M estrinho 1983

27%

(4% to 51%)
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Other data tables
01 Fluoride Gel versus Placebo/No-treatment
02 D(M)FT increment (prevented fraction) - nearest to 3 years (10 trials)
01 Placebo control
Study ID

P rev en ted fractio n

9 5 % c.i.

Cons 1970

25%

(12% to 37%)

Heifetz 1970

12%

(-7% to 31%)

Szwejda 1972

5%

(-15% to 25%)

Trubman 1973

23%

(3% to 42%)

02 No-treatment control
Study ID

P rev en ted fractio n

9 5 % c.i.

Bijella 1981

52%

(46% to 58%)

Bryan 1970

45%

(28% to 61%)

Englander 1967

65%

(59% to 72%)

Horowitz 1971

15%

(0 % to 3 1 % )

Ingraham 1970

52%

(36% to 69%)

M estrinho 1983

18%

(-2% to 37%)
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A dd ition al tables
01 Meta-analyses of prevented fractions
Analysis

No. studies

r.e. estimate

95% c. i.

Meta-analysis p-val

Heterog
eneity
test

D(M)FS - all studies

23

28%

(19% to 37%)

p<0.0001

Q=135
(22 d .f);
p<0.0001

D(M)FS - placebo controlled

14

21%

(14% to 28%)

p<0.0001

Q=22.5
(13 d .f);
p=0.05

D(M)FS - no-treatm ent control

9

38%

(24% to 53%)

p<0.0001

Q=62 (8
d .f);
p<0.0001

D(M )FT - all studies

10

32%

(19% to 46%)

p<0.0001

Q=103 (9
d .f);
p<0.0001

D(M)FT - placebo controlled

4

18%

(9% to 27%)

p<0.0001

Q=3.2 (3
d .f);
p=0.37

D(M )FT - no-treatm ent control

6

43%

(29% to 57%)

p<0.0001

Q=48 (5
d .f);
p<0.0001
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Additional tables
02 Random effects meta-regression analyses of prevented fractions: D(M)FS.
Characteristic

No.
studies

Slone
Slope estimate 95% c.i.

Slope interpretation

p-value

Control group

23

19%

(5% to 33%)

Higher PF for no-treatment compared with placebo

0.009

M ean baseline caries

21

0.2%

(-2.0% to 2.5%)

Increase per unit increase in mean baseline caries

0.8

Background fluorides

22

-6.6%

(-22% to 9%)

Low er PF in presence o f background fluorides

0.4

Fluoride dentrifice use

22

-7.4%

(-26% to 11%)

Low er PF in presence of fluoride dentrifice use

0.1

Fluoridated w ater

23

-1.9%

(-22% to 18%)

Low er PF in presence of w ater fluoridation

0.9

Mode of application

23

14%

(1% to 28%)

Higher PF when self-applied compared with operator-applied

0.04

M ethod o f self-application

9

-4.3%

(-41% to 32%)

Among self-applied, low er PF for tray compared w ith brush

0.8

Frequenc}’ o f application

23

2.5%

(0.8% to 4.2%)

Increase per 10 extra applications/} ear

0.003

Fluoride concentration in gel

20

-2.1%

(-5% to 0%)

Decrease per 1000 ppm F

0.2

Intensit) (freq times cone)

20

0.5%

(0.2% to 0.9%)

Increase per extra equivalent to 10 more applications 1000 ppm F
higher

0.003

Length of follow -up

23

2.8%

(-8% to 14%)

Increase per extra year of follow -up

0.6

Allocation concealment

23

-7.4%

(-23% to 8%)

Lower PF with poorly concealed allocation

0.4

Blind outcome assessment

23

0.2%

(-18% to 18%)

H igher PF w ith blind outcome assessment indicated (not clearly
stated)

0.98

Double blinding

23

15%

(-14% to 44%)

Higher PF w ith lack of double-blinding

0.3

Drop-out

21

0.1%

(-6% to 6%)

Increase per 10 drop-outs

0.97
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Additional figures
Figure 01
Funnel Plot o f D(M)FS SMDs according to standard errors o f the studies included in the
meta-analysis
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Abstract
Background
Topically applied fluoride varnishes have been used as an operator-applied caries-preventive
intervention for over three decades.

Objectives
To determine the effectiveness and safety of fluoride varnishes in the prevention of dental 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 Issue 2, 2000), MEDLINE
(1966 to January 2000), plus several other databases. We handsearched journals, reference lists of
articles and contacted selected authors and manufacturers.

Selection criteria
Randomized or quasi-randomized controlled trials with blind outcome assessment, comparing
fluoride varnish with placebo or no treatment in children up to 16 years during at least one year.
The main outcome was caries increment measured by the change in decayed, missing and filled
tooth surfaces (D(M)FS).

Data collection & 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. Study authors were
contacted for missing data. The primary measure of effect was the prevented fraction (PF), that is
the difference in mean caries increments between the treatment and control groups expressed as a
percentage of the mean 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 meta-regression analyses.

Main results
Nine studies were included, involving 2709 children. For the seven that contributed data for the
main meta-analysis, the D(M)FS pooled prevented fraction estimate was 46% (95% Cl, 30% to
63%; p<0.0001). There was substantial heterogeneity, confirmed statistically (p<0.0001). The
pooled d(e/m)fs prevented fraction estimate was 33% (95% Cl, 19% to 48%; p<0.0001). No
significant association between estimates of D(M)FS prevented fractions and baseline caries
severity or background exposure to fluorides was found in meta-regression, and a funnel plot of the
seven studies indicated no relationship between prevented fraction and study precision. In both
methods, power is limited when only a few trials are included. There is little information
concerning possible side effects or acceptability of treatment in the included trials.

Reviewers’ conclusions
The review suggests a substantial caries-inhibiting effect of fluoride varnish in both the permanent
and the deciduous dentitions based largely on trials with no treatment controls. Given the relatively
poor quality of most of the included studies and the wide confidence intervals around the estimates
of effect, there remains a need for further trials. It is important that these trials should be of high
quality and include assessment of potential adverse effects.
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Background
The prevention of dental caries in children and adolescents is generally 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 introduction of water fluoridation
schemes over five decades ago (Murray 1991). These were introduced when caries was highly
prevalent and severe, and when even modest prevention activities led to considerable reductions in
disease levels. In the last twenty years, with the substantial decline in dental caries rates in many
western countries, an increase in dental fluorosis levels in some countries, and intensive research on
the mechanism of action of fluoride highlighting the primary importance of its topical effect,
greater attention 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 lesions 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 increase in, and regular home use of
fluoride in toothpaste (Glass 1982; Ripa 1991; Rolla 1991; Marthaler 1994; OMullane 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 applied
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
developed 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 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 topically applied
fluoride has never been undertaken.
This review is one in a series of systematic reviews of topical fluoride interventions and assesses
the effectiveness of fluoride varnishes in the prevention of dental caries in children.
FLUORIDE VARNISHES
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Professionally-applied fluoride varnishes, developed in the 1960s as a preventive intervention for
dental caries, have been extensively used in Europe, Scandinavia and Canada and their use in other
countries seems to be increasing in recent years (WHO 1994; Bawden 1998; Kallestal 1999). The
use of fluoride varnishes is considered appropriate for at-risk tooth-surfaces in caries susceptible
individuals and for moderate and high caries prevalence child populations in community-based
preventive programs (Petersson 1997). Varnishes were originally developed to prolong the contact
time between fluoride and dental enamel, as they adhere to the tooth surface for longer periods (12
hours or more) in a thin layer, and prevent the immediate loss of fluoride after application, thus
acting as slow-releasing reservoirs of fluoride (Ogaard 1994). Although different formulations of
fluoride varnishes are available, there are two main preparations commercially known as Duraphat
and Fluor Protector, which contain sodium fluoride in concentration of 22600 parts per million of
fluoride (ppm F) and difluorsilane in concentration of 7000 ppm F respectively. Varnishes are
usually applied with small brushes, syringes, or cotton pellets, with or without prior dental
prophylaxis, at the frequency of two to four times a year. They are considered safe, despite their
high fluoride concentration, because the amount of varnish usually applied to treat one child is only
0.5 ml on average (Ripa 1990; Petersson 1993), which delivers 3-11 mg of fluoride ion. This is far
below the probable toxic dose (PTD) of 5 mg/kg body weight (Whitford 1992), even with the
potential exposure (ingestion) varying from 3.5-11.3 mg of fluoride ion (Johnston 1994).
Numerous clinical trials evaluating the caries preventive effect of fluoride varnishes in both the
permanent and deciduous dentitions have been reported, and these have been the subject of several
narrative reviews (Clark 1982; Vanover 1982; Primosch 1985; DeBruyn 1987; Seppa 1991;
Petersson 1993; Petersson 1997; Beltran-Aguilar 2000) and of two meta-analyses (Clark 1985;
Helfenstein 1994). Although it is evident from these reviews and meta-analyses that fluoride
varnishes are caries-inhibitory agents, they did not include a comprehensive search for individual
studies nor a formal evaluation of the internal validity of included studies, despite obvious
drawbacks in study design and methods. Some reviews included trials, mainly carried out in the
1970s, that had adopted the 'split-mouth' design for example, i.e. used half-mouth controls. There
is 1 general agreement against the use of the within-subject paired design for fluoride varnish trials
in the literature; a major drawback is that the possibility of significant contamination of control
sites cannot be excluded, regardless of the adhesiveness of the material to the tooth surface in the
first hours after application (Clark 1982; De Bmyn 1987; Petersson 1993).

Objectives
(1) To determine the effectiveness and safety of fluoride varnishes in preventing dental caries in
ths child/adolescent population.
(2) To examine whether the effect of fluoride varnishes is influenced by the initial level of caries
severity.
(3) To examine whether the effect of fluoride varnishes is influenced by the background exposure
to fluoride in water (or salt), toothpastes, or reported fluoride sources other than the study
option(s).

Criteria for considering studies for this review
Types of studies
Riview Manager 4.2.2
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Randomized or quasi-randomized controlled trials using or indicating blind outcome assessment, in
vhich fluoride varnish is compared concurrently to a placebo or no treatment group during at least
one year/school year.
Randomized or quasi-randomized controlled trials using within-group paired comparison designs
(e.g. split-mouth trials), or with open outcome assessment or no indication of blind assessment, or
listing less than one year/one school year, or controlled trials where random or quasi-random
allocation was 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
htervention is received or time when it started).
Studies where participants were selected on the basis of special (general or oral) health conditions
vere excluded.

Types of interventions
Topical fluoride in the form of varnishes only, using any fluoride agent, at any concentration (ppm
F), amount or duration of application, and with any technique of application, prior- or postipplication. However, frequency of application should be at least once a year. The control group is
)lacebo or no treatment resulting in the following comparison: Fluoride varnish compared with a
)lacebo or no treatment.
Studies where the intervention consisted of any other caries preventive agent or procedure (e.g.
Jther fluoride-based measures, chlorhexidine, sealants, oral hygiene interventions, xylitol chewing
^ums, glass ionomers) used in addition to fluoride varnish were excluded.

Types of outcome measures
The primary outcome measure in this review is caries increment, as measured by change from
vaseline in the decayed, (missing) and filled surface (D(M)FS) index, in all permanent teeth erupted
it start and erupting over the course of the study. Caries is defined here as being clinically and
radiographically recorded at the dentin level of diagnosis. (See 'Methods of the review' for the
different ways of reporting the 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 deciduous dentitions, tooth loss, dental pain/discomfort, specific side effects
(fluorosis, tooth staining/discoloration, oral allergic reactions, adverse symptoms such as nausea,
vomiting), unacceptability of preventive treatment as measured by dropouts during the trial/ post
randomization exclusions (in non-placebo controlled studies), use of health service resources (such
ÎS visits to dental care units, length of dental treatment time).
Studies reporting only on plaque/gingivitis, calculus, dentin hypersensitivity or fluoride
physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels, etc)
were excluded.

Search strategy for identification of studies
With a comprehensive search, we attempted to identify all relevant studies irrespective of language.
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from 1965 onwards.

ELECTRONIC SEARCHING (databases and registers)
Up to 1998
Relevant studies were identified (for the series of topical fluoride reviews) by searching several
databases from date of inception; MEDLINE (1966-1997), EMBASE (1980-1997), SCISEARCH
(1981-1997), SSCISEARCH (1981-1997), ISTP (1982-1997), BIOSIS (1982-1997), CINAHL
(1982-1997), ERIC (1966-1996), DISSERTATION ABSTRACTS (1981-1997) and
LILACS/BBO (1982-1997). Two overlapping but complementary subject search phrases (below)
with very low specificity (but high sensitivity), using 'free-text 'and 'controlled vocabulary' terms,
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 Randomized
Controlled Trials (RCTs). These subject search phrases were customised for searching EMBASE
and other databases:
(a) [( "DENTAL-CARIES " explode all subheadings or "DENTAL-CARIES-ACTIVITY-TESTS"
all subheadings or "DENTAL-CARIES-SUSCEPTIBILITY " all subheadings or CARTE* 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 subheadings 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 DENTEFRIC*
or MOUTHRINS* or MOUTH RINS* or RINS* or MOUTHWASH* or MOUTH WASH*))].
(b) [((explode FLUORIDES/ all subheadings) or (explode FLUORDDES-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*))].
RCT filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development 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 Issue
1,1997), the Community of Science database (1998), which included ongoing trials funded by the
National Institute o f Dental Research (NIDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980-1997), and OLD MEDLINE (1963-1965) were searched using
the terms "fluor" and "carie" truncated. (Grey literature search had also been carried out by searching
the Index to Scientific and Technical Proceedings (ISTP) and DISSERTATION ABSTRACTS).
From 1999 to 2001
The following strategy was used to search LILACS/BBO in 1999 (1982-98), where free-text
subject search terms were combined with a methodological filter for RCTs:
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[(fluor$ or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluor$ or duraphatS)
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 vemiz$ or vamishS or bamiz$ or
laca$ or gel or gels)] and [random$ or aleatori$ or acaso$ or azar$ or blindS or mask$ or cego$ or
cegaS or ciego$ or ciega$ or placeboS or(clinic$ and (trial$ or ensaio$ or estud$)) or (controls and
(trials or ensaioS or estudS))].
A supplementary and more specific subject search phrase (including 'free-text' and 'controlled
vocabulary' terms), refined exclusively for this review, formulated around three concepts - varnish,
fluoride and caries - was used to search Silverplatter MEDLINE (up to January 2000) without
methodological filters;
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/ ALL SUBHEADINGS))
and ((FLUOR* or explode "FLUORIDES "/ ALL SUBHEADINGS) and ((VARNISH*) or
(LACQUER* or LAQUER*) or (VERNIZ*) or (LACKER*) or (LAKK*) or (SILANE* or
POLYURETHANE*)) or (DURAPHAT* or FLUOR PROTECTOR*)].
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 Issue 2, 2000) to doublecheck.
The metaRegister of Controlled Trials was searched in October 2001 for ongoing randomized
controlled trials 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 Library database - Cochrane Database of
Systematic Reviews (CDSR), and the CRD databases - Database of Abstracts of Reviews of
Effects (DARE) and NHS Economic Evaluation Database (NHS EED), were also searched.
Reference lists of relevant chapters from preventive dentistry textbooks on topically applied
iuoride interventions were also consulted.
lULL-TEXT SEARCHING
f rospective handsearching of those journals (seven) identified as having the highest yield of eligible
RCTs/CCTs were carried out, from January 1999 until January 2000: British Dental Journal,
Caries Research, Community Dentistry and Oral Epidemiology, Journal of the American Dental
Association, Journal of Dental Research, Journal of Public Health Dentistry and European Journal
of Oral Sciences. The handsearch of Community Dentistry and Oral Epidemiology was undertaken
(1990-December 1999), as this was the journal with the highest yield of eligible reports.
PERSONAL CONTACT
Searching for unpublished studies (including "grey" literature such as technical reports and
iissertations, or studies published in languages other than English which may not have been
hdexed to major databases) started by contacting experts in the field of preventive dentistry. A
btter was sent to the author(s) of each included study published during the last two decades, in
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order to obtain information 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
yamishes was created for locating unpublished trials. Letters to manufacturers were sent out by the
Cochrane Oral Health Group (COHO), in the hope that companies might be more responsive to
contact from the editorial base than from individual reviewers. Three fluoride varnish
nanufacturers were contacted (October 2000) and information on any unpublished trials requested:
Colgate Oral Pharmaceuticals, Ivoclar North America, Pharmascience.

Methods of the review
IDENTIFICATION OF RELEVANT REPORTS
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported to the bibliographic software package Reference Manager
ind merged into one core database to remove duplicate records and to facilitate retrieval of
relevant articles. The records yielded from LILACS, BBO, CCTR, SIGLE and NIDR databases
were not imported to Reference Manager and were scanned without the benefit of eliminating
duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE search
Derformed without methodological filter were imported to Reference Manager for inspection but in
1 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
reviewer) and/or keywords by one reviewer (VM). Obviously irrelevant reports (according to study
design/duration, participants, or interventions/comparisons) were discarded and the fiill-text of all
remaining were obtained.
All potentially relevant articles 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; and in case
of any discrepancy authors were contacted.
STUDY SELECTION
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 (JH) independently duplicated the
process for a sample of those (approximately 30%). In addition, any study that could not be
classified by the first reviewer was independently assessed by the second. A third reviewer was
consulted (SL or AS) to resolve any disagreement. It was decided in advance to exclude any trial
where agreement could not be reached but this did not occur. Trial reports thought to be
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potentially relevant in languages not known by the reviewers were translated and the reviewer
(VM) completed the inclusion form with reference to the translator. Attempts were made to
contact authors of trials that could not be classified in order to ascertain whether inclusion criteria
were met.
QUALITY ASSESSMENT
The methodological quality of the included studies was assessed according to the criteria for
concealment of treatment allocation described in the Cochrane Collaboration Reviewers' Handbook
(Clarke 2000) used in RevMan. Allocation concealment for each trial was rated as belonging to
one of three categories;
A. Adequately concealed (an adequate method to conceal allocation 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 independently 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 assessment reported but there is
information that leads to suspicion/uncertainty about whether the examination was blind).
Excluded: clearly open outcome assessment or blind outcome assessment not reported and unlikely
(no description of an examination performed independently of previous results, of x-rays registered
independently of clinical examination, of use of a placebo, 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 sample 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 outcome had been carried
out blind.
Other methodological characteristics of the trials such as blinding of participants (placebo or no
treatment control), completeness of follow-up (proportion excluded) and handling of exclusions
(extent to which reasons for attrition are explicitly reported, 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 meta
regression/ sensitivity analyses.
DATA EXTRACTION
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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. Checking of interobserver reliability was limited to validity
assessments. Again, data that could not be coded by the first reviewer were independently coded
by the second, any disagreement was discussed and a third reviewer consulted to achieve
consensus where necessary. 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 result.
Attempts were made to contact authors through an open-ended request in order to obtain missing
information or for clarification 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 prerandomization in sizing/balancing (stratification based on relevant variables) or used postrandomization in analysing/adjusting for possible differences in prognostic factors between groups,
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors), any co-intervention
and/or contamination. 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 (toothpaste, water, 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: methods (technique/device) of application, prior- and
post-application, fluoride active agents and concentrations used, frequency and duration of
application, and amount applied.
Different ways of assessing/reporting caries increment in the trials (change from baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components of the index chosen and units measured (DMFT/S, or DFT/S, or DT/S, or FT/S),
lypes of tooth/surface considered (deciduous teeth/surfaces, first molar teeth, approximal surfaces,
etc), state of tooth eruption considered (erupted and/or erupting teeth or surface), diagnostic
thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions), methods of examination
idopted (clinical and/or radiolographical), and approaches to account or not for reversals in caries
hcrement adopted (in a net or observed increment respectively). In addition, caries increments
kave been recorded whenever the authors reported them (various follow-ups).
ks we were aware that caries increment could be reported differently in different trials we
developed a set of a priori rules to choose the primary outcome data for analysis from each study:
lata 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 chosen over DS or FS; data for 'all surface types combined' would be chosen over data
'or 'specific types' only; data for 'all erupted and erupting teeth combined' would be chosen over
lata 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'
)nly; data for dentinal/cavitated caries lesions would be chosen over data for enamel/non-cavitated
esions; net caries increment data would be chosen over crude (observed) increment data; and
bllow-up nearest to three years (often the one at the end of the treatment period) would be chosen
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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 table of included studies 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
identified as being assessed in the trials are also listed in this table.
ANALYSES
Handling of missing main outcome data
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be imputed through linear regression of log standard
deviations 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
(similar) 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 active fluoride agents or concentrations of fluoride ions to a placebo
group, raw results (the numbers, mean caries increments and standard deviations) from all relevant
experimental groups were combined in order to obtain a measure of treatment effect. This enables
the inclusion of all relevant data in the primary meta-analysis, although may slightly compromise
any 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 fraction (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 difference since it allows combination of
different ways o f 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 sample 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 (when the review was first published). 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 materially 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 number 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.
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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
undertaken prior to each meta-analysis (Thompson 1999).
In addition to aspects of study quality, two potential sources of heterogeneity were specified a
priori as investigations of these formed part of the primary objectives of the review. We
hypothesised that ; (1) the effect of fluoride varnishes differs according to the baseline levels of
caries severity and (2) the effect of fluoride varnishes differs according to exposure to other
fluoride sources (in water, in toothpastes, etc). If sufficient number of studies were included, the
association of these factors with estimated effects (D(M)FS PFs) would be examined by
performing random effects meta-regression analyses in Stata version 6.0 (Stata Corporation, USA)
using the program Metareg (Sharp 1998).
To allow such investigation, relevant data were dealt with as follows: data on 'baseline levels of
caries' were calculated from the study sample analysed (final sample) unless otherwise stated, and
were averaged among all relevant study groups. Data on 'background exposure to other fluoride
sources' combined data on the use of fluoride toothpaste and the consumption of fluoridated water
(or salt) and were grouped into two categories: one for studies which were based on samples
provided with non-fluoride toothpaste and which were from non-fluoridated areas (non exposed),
and another for studies based on samples using fluoride toothpaste or studies in fluoridated
communities or both. When use or non-use of fluoride toothpaste was not clearly indicated in
studies carried out in developed countries, it was assumed that fluoride toothpaste was widely used
from the middle of the 1970s (Ripa 1989); this information was sought from authors (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.
Investigation of publication and other biases
A funnel plot (plots o f 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 et al
(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). The Cochrane Review Manager software (RevMan
4.1) was used for estimation of overall treatment effects. Again 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.

Description of studies
IDENTIFICATION OF REPORTS / STUDIES
Searching the core database in Reference Manager (using 'varnish' or 'fluoride varnish' or 'lacquer'
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or 'duraphat' or 'fluor protector' or 'carex' or 'polyurethan*' or 'silanes*' or 'sodium fluoride*' as
keywords combined with 'varnish' or 'lacquer' or 'duraphat' or 'fluor protector' in titles, and with
'varnish' in notes and all other fields) retrieved 1381 records from NCEDLINE, EMBASE, BIOSIS,
SCISEARCH, SSCISEARCH, CINAHL, ERIC, ISTP and DISSERTATION ABSTRACTS.
There were 211 records scanned outside Reference Manager produced by searching LILACS (48
records), BBO (47 records), CCTR (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
outside Reference Manager. Searching OLD MEDLINE produced 545 records. Thus, 2347
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 varnish trials performed without RCT filter produced 331 records, and the search
performed in the OHG specialised register produced 65 records. The search for ongoing studies in
the metaRegister of Controlled Trials database produced 5 records. Searching other non-electronic
sources (reference lists of relevant studies, review articles or book chapters; journals; contacting
authors) produced 24 additional records for inspection. (Any search results that might be produced
by contacting manufacturers will feature in updates of this review.)
From the search results above a total of 116 records were considered potentially eligible, sought
and assessed further.
SELECTION OF STUDIES
One hundred and sixteen reports were sought for detailed assessment, of which 47 were considered
immediately irrelevant for this review, mainly as a result of the type of interventions compared with
fluoride varnish, or study design. Fifty studies (69 reports) are considered in this review. These
comprise 17 reports relating to nine included studies, 44 reports relating to 33 excluded studies,
two reports relating to two ongoing studies, and six reports relating to six studies waiting
assessment either because they require translation (two in Polish, one in Hungarian, and one in
Norwegian) or because translation and contact with the authors have not ascertained whether all
inclusion criteria have been met (one in German).
There were 26 non-English reports (22 studies) listed either under excluded or included studies.
Seven of these reports (five studies) were excluded either on the basis of the English abstract alone,
or due to the availability of a full-text English report, or because sufficient information was
available from other sources such as previous reviews. There remained 19 non-English reports that
were fully assessed (16 studies): 11 in German (by a German translator, with the contact reviewer),
five in Russian (by a Czech translator, with the reviewer), two in Hungarian (by a Hungarian
translator, with the reviewer), and one in Portuguese (by the contact reviewer).
EXCLUDED STUDIES
See 'Characteristics o f excluded studies' for the description of reasons for rejecting each study.
The 33 studies in this section were excluded for a variety of reasons. Ten studies used the withinsubject paired design, or 'split-mouth' design. Although three of these were described as double
blind trials they did not indicate random allocation of right/left sides of the mouth to treatment (one
of which reported a systematic allocation process); among the other seven non-placebo controlled
trials, one was a quasi-randomized trial reporting blind outcome assessment, one reported blind
outcome assessment but nothing about the allocation process, and the remaining split-mouth trials
did not indicate random/quasi-random allocation or blind outcome assessment.
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Five studies were clearly not randomized/quasi-randomized and did not mention or indicate blind
outcome assessment. One of these also applied the varnish only once in a 15-month period. One
study clearly used open outcome assessment (but described the use of quasi-random allocation).
Another was not randomized/quasi-randomized (but used blind outcome assessment). Seven
studies did not mention or indicate random/quasi-random allocation nor blind outcome assessment.
One of these also did not report main outcome data for control group and another reported post
treatment outcome data only. Attempts were made to contact the authors of three of these studies,
but no replies were received. One study did not mention or indicate random or quasi-random
allocation and blind was not stated (but not unlikely); an attempt to contact the author was
unsuccessful. Two studies did not mention or indicate random or quasi-random allocation (but
reported blind outcome assessment); one of these had each of two clusters assigned to the varnish
and control groups; an attempt to contact the authors of the other study was unsuccessful.
Three studies had other fluoride or non-fluoride based interventions in addition to fluoride varnish.
Two of these also did not state/indicate random or quasi-random allocation and blind outcome
assessment. One study used a fluoride-based intervention in the control group. Two studies
included participants who were medically compromised; none stated/indicated random or quasi
random allocation, one did not indicate blind assessment and the other used open outcome
assessment.
INCLUDED STUDIES
See 'Characteristics of included studies' table for details of each study.
There are nine trials included. All 17 reports were published between 1975 and 1997. The nine
trials were conducted between 1973 and 1992; five during the 1970s, three during the 1980s and
one in the 1990s. Five trials were conducted in Sweden and four in each of the following countries:
Canada, Spain, GDR and India. Five studies had multiple publications. Eight of the included studies
did not mention involvement with a fluoride varnish manufacturer. The only one which
acknowledged partial financial support from a fluoride varnish manufacturer (Frostell 1991) also
acknowledge support from a sugar company.
Design and methods
All the included studies used parallel group designs (the split-mouth trials were excluded). Two
studies had more than one fluoride varnish treatment group compared to a placebo. With regard to
type of control group used, six trials used a no treatment control group, and the remaining three
used a placebo control group, two of which used an inactive treatment other than varnish ('placebo'
solution /distilled water). The study duration (indicated by the total length of follow-up as well as
the treatment duration) ranged from 1 to 4.5 years among included trials (four of these lasted two
years). Studies were relatively large with only two allocating less than 100 children (but more than
60) to relevant study groups. The total number of children participating in the nine included trials
(given by the sample analysed at the end of the trial period) was 2709, and ranged from 95 in the
smallest trial to 676 in the largest trial. Participants of five trials were recruited from school settings
(centre for recruitment was not clearly reported in the remaining four studies).
Participants
The ages of the children at the start of the trials ranged from three to 15 years, with similar
numbers from both sexes (where these data were reported); seven trials included participants who
were over six years at start, and two trials included three and four year-olds (in which deciduous
teeth only could have been assessed for caries development). Decayed, (missing) and filled surfaces
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(D(M)FS) at baseline, reported in six of the studies, ranged from 0.39 to 29.2, and from 0.88 (ds)
to 9.66 (dmfs) in the three studies that reported data for deciduous teeth. With regard to
'background exposure to other fluoride sources', only one study was conducted in a fluoridated
community and only one (another) clearly reported no exposure to fluoride toothpastes; the four
studies clearly reporting a moderate to high exposure to fluoride toothpaste (over 70% of children)
also reported exposure to fluoride rinses and/or tablets, and two studies which did not report
exposure to toothpaste clearly reported exposure to rinses. Information on dental treatment level
could be obtained from the studies conducted in Spain and Canada, and from one of the studies
conducted in Sweden.
Interventions
Teeth were usually painted with a fluoride varnish using a small brush (four trials), but the use of
probe and cotton swab was also reported. The use of NaF based varnishes (Duraphat or
Lawefluor, or Bifluorid 12) was reported in all trials. Difluorsilane (Fluor Protector) was used in
only one of the studies included. The fluoride concentrations ranged from 7000 ppm F
(difluorsilane) to 56,300 ppm F (6%NaF+6%CaF *data obtained from Beltran-Aguilar 2000). The
application frequency of twice a year was tested in eight studies and that of four times a year in
only two studies. The amount of varnish applied was usually of around 0.5ml per child (reported in
five studies). Where the actual application time was reported it ranged from one to four minutes.
The performance of some form of prior tooth prophylaxis before administering the varnish was
used in seven studies; as long as performed with no paste or with a non-fluoride paste (if with a
fluoride paste the trial would have been excluded), the prior toothcleaning was considered by the
reviewers as a possible part of the technique of varnish application and not as a separate
intervention on its own.
Outcome measures
All nine included trials reported caries increment data at the tooth surface level (D(M)FS reported
in seven trials, one of these also reported dfs data; defs/dmfs data were reported in the other two
trials). Three of the nine trials reported caries increment data at the tooth level (D(M)FT) and only
one of the three trials that reported caries increment data for deciduous teeth (dmfs) reported these
data at the tooth level (dmfr). With regard to the components of the DMFS index used (and types
of teeth/surface assessed), five trials reported DMFS data (one trial for first molars only and four
trials for all tooth surface types) and the other two reported DFS data (one trial for posterior
approximal surfaces only and another for first molar fissures only), one also reported DS and FS
data separately. (No choice had to be made between DMFS or DFS data in any one trial, but DFS
data were chosen over DS/FS data in one of the trials.) All trials reported D(M)FS data on specific
teeth or tooth surfaces - first molars, occlusal, mesio-distal (approximal) and/or buco-lingual - but
three of these did not report data on all tooth surfaces (whole mouth). D(M)FS data were reported
at more than one follow-up time in two trials only; follow-up of two years was the most common
among all trials.
Clinical (eight o f the nine included trials) and radiographic examinations (four trials) provided the
definition of different stages or grades of caries lesions. These have been grouped into two basic
grades for each method; NCA = non-cavitated incipient enamel lesions clinically 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 cavitation; ER = any
radiolucency in enamel/enamel-dentin junction; DR = radiolucency into dentin. Five trials presented
results using one caries grade only (CA/DR); the remaining four reported both CA/DR and
NCA/ER grades, in which case CA/DR was chosen. Data on state of tooth eruption considered
was clearly presented in eight trials: data for teeth erupted at baseline only were reported in four
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trials, data for erupting teeth only were reported in one trial, combined data for erupting and
erupted teeth were reported in two trials, and separately reported in one trial.
Other dental caries data reported; caries incidence rate (one trial), caries progression rate (one
trial), proportion of children developing new caries (two trials), proportion of teeth developing
new caries and failures - carious teeth - over time (one trial).
No data were reported on adverse effects. Data for unacceptability of treatment (as measured by
dropouts/exclusions) were reported in two of the no treatment control trials.
ONGOING STUDIES
See 'Characteristics of Ongoing Studies' table for details of each study.
We have identified two ongoing randomized trials, one from UK and the other from USA, which
are described in the table of ongoing studies.

Methodological quality of included studies
Based on 28 studies included in the topical fluoride reviews and randomly selected for assessment
of reproducibility and agreement between two reviewers, interrater 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). There were clear differences in the quality of the
studies in this review (using the reported information and additional information obtained from
investigators).
ALLOCATION CONCEALMENT
Six included trials were described as randomized and assigned code B (no information was
reported on allocation concealment), and three trials were clearly quasi-randomized and assigned
code C. None of the trials whose investigators provided further information in answer to our
enquiry could be assigned code A (adequate concealment of allocation fully described).
BLINDING
Three trials were classified as double-blind (score A), although two of these did not use a true
placebo, but an inactive treatment other than varnish. Single-blinding (blind dental caries
assessment but no placebo used) was described in five trials (score B). Blind outcome assessment
was unclear/indicated in one trial (score C), which was a non-placebo controlled trial.
FOLLOW-UP
All the participants considered at the end of each study as a proportion of all the participants
present at start in all studies was 89% (2289 analysed out of 2578 randomized); this excludes two
studies with no data on participants randomized. The drop-out rate could not be obtained from one
of the nine included studies. Where dropout was reported it varied from 6% at 2.5 years to 18% at
3 years.
Reasons for exclusions (when given) included moving away, refusal to participate/poor
compliance, and characteristics of participants that should have been used as eligibility criteria
before randomization (e.g. use of orthodontic bands). Only one trial reported the numbers excluded
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in each study arm according to reason for attrition.
OTHERS
Units of randomization; cluster randomization was used in one trial (Bravo 1997) where school
classes were used as units of randomization and children used as units of analysis.
Baseline comparisons and handling of any differences: one of the trials described as 'balanced' (for
which randomization may have succeeded to produce nearly exact balance) did not report any of
the actual values for the baseline characteristics (such as initial caries levels); another trial with
incomplete reporting of baseline factors showed some degree of imbalance of initial DFS (where
8% - 20 children - had been excluded from the varnish group on the basis of compliance).
Objectivity/reliability of primary outcome measurement: diagnostic methods used (clinical or
radiographic) and thresholds/definitions used for caries were described in all studies, but
monitoring of diagnostic errors were not always clearly described (see 'Notes' in the 'table of
included studies' for methodological features assessed).

Results
EFFECT OF FLUORIDE VARNISH ON DENTAL CARIES INCREMENT
The effects of fluoride varnishes on dental caries increment 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 difference (SMD), (4) decayed, (missing/extraction indicated), and filled
deciduous surfaces pooled using prevented fraction (d(m/e)fs PF) and standardised mean difference
(d(m/e)fs SMD).
Standard deviations of mean caries increment data (new D(M)FS) were (partly) missing in two of
the seven studies which contributed data (Modeer 1984; Clark 1985). 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 increment) = 0.64 + 0.55 log (mean caries
increment), (R-squared = 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 standard deviation for one of the three trials reporting D(M)FT data
(Holm 1984) and for two of the three trials (Clark 1985; Frostell 1991) reporting mean caries
increment data in the deciduous dentition (new defs).
Effect on tooth surfaces: D(M)FS prevented fraction
For all seven trials combined, the D(M)FS prevented fraction pooled estimate was 0.46 (95% Cl,
0.30 to 0.63; p<0.0001), suggesting a substantial benefit from the use of fluoride varnish. The
confidence intervals are relatively wide, however, and substantial heterogeneity in results could be
observed graphically and statistically (Q= 28.17 on 6 degrees of freedom, p<0.0001).
For each study, the D(M)FS prevented fraction and 95% CIs can be viewed in the 'Tables of other
data'; the results of the random effects meta-analysis of D(M)FS prevented fractions (performed in
Stata) are presented in Additional Table 01 : Meta-analyses of prevented fractions.
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W e have decided not to present the meta-analysis results stratified by type of control group
(placebo/no treatment) in this review which included so few studies, even though this might
represent a strong indicator of study quality and source of heterogeneity in the topical fluoride
reviews, as suggested in the first review in this series (Marinho 2002). However, forest plots
showing the effects of fluoride varnishes (PFs and 95% CIs) on D(M)FS increments resulting from
a meta-analysis stratified by type of control group are available in the 5th review in this series
(whose results invigorate the discussion of the influence of this factor on effect estimates): Topical
fluoride (toothpastes, mouthrinses, gels or varnishes) for preventing dental caries in children and
adolescents (Comparison 01, Sub-categories 03 for placebo-controlled varnish trials, and 06 for
fluoride varnish trials using no treatment controls).

Meta-regression and sensitivity analyses: D(M)FS prevented fraction
Univariate meta-regression suggested no significant association between estimates of D(M)FS
prevented fractions and the pre-specified factors: baseline caries severity, background exposure to
fluoridated water, background exposure to fluoride toothpaste, or background exposure to any
reported fluoride source. Further univariate meta-regression analyses showed no significant
association between estimates of D(M)FS prevented fractions and length of follow-up (duration of
study), allocation concealment (random/quasi-random), blinding of outcome assessment
(blind/blind likely or unclear), drop-out rate, or type of control group (placebo/no treatment).
In spite of the considerable variation in treatment effects between studies, because the meta
analysis included only seven trials, no further exploration of competing explanations for
heterogeneity in treatment effects was considered. Meta-regression would have very limited power
to detect any true relationship between the caries-preventive effectiveness of fluoride varnish and
factors specified (or not) a priori in these circumstances. Meta-regression results for potential
effect modifiers specified a priori are given in Additional Table 02: Random effects meta-regression
analyses o f prevented fractions: D(M)FS.
We performed a sensitivity analysis for the main meta-analysis of D(M)FS prevented fraction, to
take account of the additional uncertainty we should have about the cluster randomized trial by
Bravo 1997. We inflated the variance of the prevented fraction estimate by an amount equal to (1 +
(m-1) * ICC), where m is the average cluster size and ICC the intraclass correlation coefficient. A
conservative value of 0.1 for the ICC was used since we could not find an ICC from this or any
similar trial. The D(M)FS PF pooled estimate was 0.46 (95% Cl, 0.29 to 0.64; p<0.0001). These
results are almost identical to the analysis ignoring the cluster randomized design, since the
estimate for this trial is similar to the meta-analysis result and altering its weight has minimal effect.
In order to illustrate the magnitude of the effect, numbers of children needed to treat (NNT) to
prevent one D(M)FS were calculated based on the pooled D(M)FS prevented fi’action and on the
caries increments in the control groups of the trials that contributed data to the meta-analysis. The
overall caries-inhibiting effect (%PF) derived from the pooled results of the seven trials was 46%
(95% Cl, 30% to 63%); the caries increments ranged from 0.67 to 4 D(M)FS/year. In populations
with a caries increment of 0.67 DMFS per year (at the lowest end of the results seen in the
included studies), this implies an absolute caries reduction of 0.31 DMF S/year, equivalent to an
NNT of 3.2 (95% Cl, 2.4 to 5); i.e. 3.2 children need to have fluoride varnish applications two to
four times a year to avoid one D(M)FS. In populations with a caries increment of 1.6 DMFS per
year (at the mid range of the results seen in the included studies), this implies an absolute caries
reduction of 0.74 DMF S/year, equivalent to an NNT of 1.4 (95% Cl, 1 to 2); i.e. 1.4 children need
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to have fluoride varnishes applied to avoid one D(M)FS.
Funnel plot and test for funnel plot asymmetry; D(M)FS prevented fraction
A funnel plot of the seven studies reporting D(M)FS PFs indicated no clear relationship between
prevented fraction and precision (it appears asymmetric). The formal test for asymmetry (Egger
1997) was not statistically significant (asymmetry intercept (95% Cl) = 3.18 (-6.12 to 12.5) (p=
0.42)), but, similarly to meta-regression methods, power is limited when only a few trials are
included.
The funnel plot of the seven trials comparing fluoride vamsih with placebo/no treatment is available
in 'Additional Figure 01', where D(M)FS standardized mean differences are ploted against standard
errors (see 'Alternative treatment effect measure' below).

Effect on whole teeth: D(M)FT prevented fraction
Three trials reported data which allowed the calculation of the D(M)FT prevented fraction. All
three are also included in the analysis of DMFS PF. The pooled estimate of D(M)FT prevented
fraction was 0.53 (95% Cl, 0.23 to 0.82; p< 0.0001), suggesting a considerable benefit of fluoride
varnish; the confidence intervals are wide, however. There was, again, substantial heterogeneity
between trials (Q= 11.06 on 2 degrees of freedom, p= 0.004).
For each study, the D(M)FT prevented fraction and 95% Cl can be viewed in the Tables of other
data. The results of the random effects meta-analyses of D(M)FT prevented fractions performed in
Stata are also presented in Additional Table 01 : Meta-analyses of prevented fractions.
Alternative treatment effect measure: Standardized mean difference (SMD)
Due to the character of D(M)FS data, mean caries increments are closely related to their standard
deviations (they are about the same). Thus, meta-analyses using standardised mean differences (the
difference between two means divided by an estimate of the within group standard deviation)
yelded materially similar results to those using prevented fractions (the difference in mean caries
increments between the treatment and control groups divided by the mean increment in the control
g*oup). We therefore decided to present D(M)FS SMDs in RevMan, since it was not possible to
present the main outcome analyses with prevented fractions in MetaView/ RevMan 4.1. The results
cf this analysis are very similar to and consistent with those reported above. For the seven trials the
pooled D(M)FS SMD estimate was 0.46 (95% Cl, 0.26 to 0.65; p< 0.0001) and confidence
iitervals were wide. There was substantial heterogeneity between trials (chi-square = 26.90 on 6
degrees of freedom, p< 0.0001).
The pooled estimate of D(M)FT SMD based on the three trials that contributed data was 0.40
(95% Cl, 0.25 to 0.54; p< 0.0001). There was no statistically significant heterogeneity (p= 0.30).
These results are not totally consistent with those observed for the random effects meta-analysis of
D(M)FT PF, because o f a particularly low caries increment rate (relative to its standard deviation)
ii the fluoride varnish group in the Tewari study (1990). Due to this discrepancy, the meta-analysis
cf SMDs is not presented.
Effect on deciduous dentition: defs PF and defs SMD
Three trials reported data which allowed the calculation of the 'd(e/m)fs' prevented fraction. Only
cne of these (Clark 1985) is also included in the analysis of D(M)FS PF. The pooled estimate of
c(m/e)fs prevented fraction was 0.33 (95% Cl, 0.19 to 0.48; p< 0.0001), suggesting a substantial
lenefit of fluoride varnish in the deciduous dentition. There was no statistically significant
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heterogeneity between trials (Q= 3.48 on 2 degrees of freedom, p= 0.18).
The results of the defs SMD analysis are consistent with those reported above. We therefore
decided to present these. For the three trials, the pooled d(m/e)fs SMD estimate was 0.30 (95%
Cl, 0.11 to 0.48; p= 0.002). There was no statistically significant heterogeneity between trials (chisquare = 4.02 on 2 degrees of freedom, p= 0.13).
Numbers of children needed to treat (NNT) to prevent one d(em)fs were calculated based on the
pooled d(e/m)fs prevented fraction and on the caries increments in the control groups of the three
trials in the meta-analysis. In populations with a caries increment of 0.82 dfs per year (at the lowest
end of the results seen in the included studies), this implies an absolute caries reduction of 0.27
dfs/year, equivalent to an NNT of 3.7 (95% Cl, 2.5 to 6.4). In populations with a caries increment
of 1.9 defs per year (at the highest range of the results seen in the included studies), this implies an
absolute caries reduction of 0.63 defs/year, equivalent to an NNT of 1.6 (95% Cl, 1.1 to 2.8).
EFFECT OF FLUORIDE VARNISH ON OTHER OUTCOMES
Few trials report data for other relevant outcomes.
Proportion developing new caries
Two trials reported results on the proportion of children developing one or more new caries (Holm
1979; Holm 1984). The pooled estimate (random effects meta-analysis) of the risk ratio was 0.80
(95% Cl, 0.70 to 0.92; chi-square for heterogeneity 0.38 on 1 degree of freedom, p= 0.54). This
corresponds to an NNT to prevent one child from developing caries of 6 (95% Cl, 3 to 20) in a
population with a caries risk the same as that found in the control groups in these trials (six
children receiving varnish applications will prevent new caries development in one child).
Unacceptability of treatment (dropouts/exclusions)
The pooled estimate of the relative risk of dropping out from the varnish as opposed to the non
treatment arm in the two non-placebo controlled trials that reported dropouts was 1.78 (95% Cl,
0.70 to 4.55; chi-square for heterogeneity 3.65 on 1 degree of freedom, p= 0.06).

Discussion
Selection of a professionally applied topical fluoride procedure should be based on three general
considerations. First, the procedure should be effective in preventing dental caries. Second, it
should be safe and, lastly, it should be easy to use and acceptable to the patient. The main question
addressed by this review is how effective the use of fluoride varnish for the prevention of caries in
children is compared to placebo or no treatment. Over 2700 children were included in the trials
comparing a fluoride varnish with a placebo or no treatment, and for almost all children the fluoride
varnish they received was the 22,600 ppm F NaF formulation. There is evidence of a considerable
caries inhibiting effect with the use of this intervention in both the permanent and the deciduous
dentition. However, the confidence intervals are relatively wide and the variation among the results
of the studies is substantial. Further, relatively few trials were included in both meta-analyses, and
very few among these were placebo-controlled trials, making it difficult to rule out the possibility
of an overestimation of treatment effects, due to the preponderance of no treatment control studies
of lower methodological quality in this review (Marinho 2002). This calls for a cautious
interpretation of the data.
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The meta-analysis of the seven studies assessing the effect of fluoride varnish on the permanent
dentition suggests that the use of this intervention is associated on average with a 46% (95% Cl,
30% to 63%) reduction in decayed, missing and filled tooth surfaces. This would correspond to a
number needed to treat (NNT) of 1.4 to avoid one D(M)FS per year in a child population with a
caries increment o f 1.6 D(M)FS per year (in the middle range of control group rates for included
studies), or an NNT of 3.2 for children from a population with a caries increment of 0.7
D(M)FS/year (at the lowest end of the observed range). The meta-analysis of the three studies
assessing the effect of varnishes on the deciduous dentition suggests a 33% (95% Cl, 19% to 48%)
reduction in decayed, missing and filled tooth surfaces, and the NNTs are similar for similar caries
increment rates observed.
We performed a sensitivity analysis for the main meta-analysis to take account of the additional
uncertainty we should have about the cluster randomized trial by Bravo (Bravo 1997). This
showed results almost identical to the analysis ignoring the cluster randomized design since the
estimate for this trial is similar to the meta-analysis result and altering its weight would have
minimal effect.
The caries reduction suggested for the permanent dentition in our review is somewhat similar to
that reported in a previous meta-analysis (Helfenstein 1994) on the caries preventive effect of
fluoride varnishes in permanent tooth surfaces, which found a 38% (95% Cl, 19% to 57%)
reduction in caries increment. There were substantial differences in selection criteria and methods
between the reviews. Of the 12 studies included in the review by Helfenstein and Steiner (1994),
four were also included in this review. Helfenstein and Steiner (Helfenstein 1994) included three
trials that did not meet the inclusion criteria for our review, where fluoride varnishes were
compared to fluoride rinses (instead of placebo or no treatment). The other five studies not
included here were excluded for a variety of reasons. A further five studies were included in this
review, and one o f these (Bravo 1997) was published after the review by Helfenstein and Steiner.
A secondary aim o f this review was to examine whether there was any relationship between the
caries-preventive effectiveness of fluoride varnish and the initial level of caries severity and
background exposure to fluoride. We were unable to detect a clear relationship between these (and
other) factors and the magnitude of the treatment effect in spite of substantial variation between
trials in these factors. This result is, however, to be expected. A meta-analysis including only a few
trials has very limited power to detect such relationships.
No clear relationship between prevented fraction and precision could be observed in the funnel plot
of the seven studies (it appeared asymmetric), and the formal test for asymmetry (Egger 1997) was
not statistically significant, but, as for meta-regression methods, power is limited when only a few
trials are included.
We found scarce information about the effects of fluoride varnishes on other outcomes such as the
proportion of children developing caries or on acceptance of fluoride varnish treatment. We found
no information on possible adverse effects. Even though fluoride varnishes are generally considered
safe and well accepted, this lack of evidence makes it more difficult for clinicians and policy makers
to weigh the benefits of fluoride varnishes in preventing caries against possible shortcomings of the
procedure.
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Reviewers’ conclusions
Implications for practice
This review suggests that the application of fluoride varnishes two to four times a year, either in
the permanent or deciduous dentition, is associated with a substantial reduction in caries increment.
We found no evidence that this relative effect was dependent on baseline caries level or exposure
to other fluoride sources. Both results should be interpreted with caution due to the reasons
discussed above. The review does not provide any information on the likelihood of side effects
with this treatment and inconclusive information on acceptability.

Implications for research
Despite the considerable number of clinical trials identified, there is a paucity of evidence from
placebo controlled studies assessing the effectiveness of fluoride varnishes for the prevention of
caries in children. Hopefully, the currently ongoing randomized trials will gather sufficient high
quality evidence to increase the precision of estimates of the effect of this treatment. It is important
that future trials should include the assessment of other relevant outcomes such as potential side
effects (e.g. tooth discoloration, oral allergic reactions) and those related to acceptability of
treatment.
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C h a r a c te r is tic s o f in c lu d e d s tu d ie s

Allocation
concealment

Study ID

Methods

Participants

Interventions

Outcomes

Notes

Borutta 1991

Random allocation;
double-blind (A);
placebo-controlled; 10%
drop-out after 2 years (study
duration = 2 years). 'Groups
(arms in the trial) kept at
equal sizes for statistical
reasons'.

360 children analysed at 2
years (available at final
examination).
Age range 12-14 years.
Surfaces affected; 5.25
DMFS
Exposure to other fluoride:
no
Y ear study began: in/befbre
1988
Location: GDR

FV(3 groups)+ptc versus
PL+ptc

2yDMFS increment - (CA)cl
Reported at 2 years
follow-up.

Participants random ized
(N=400).
Baseline characteristics
(DMFS, DM FT) "balanced'.
Clinical caries assessment by
two examiners; diagnostic
threshold = CA (FOTI
assessment - loss of
translucenc}' on
transilum ination - for
approximal surfaces.) State
of tooth eruption included
NR; inter-exam iner
reproducibilit) checked for
DMFS. Results presented
separately by exam iner (one
chosen by coin flip).

Bravo 1997

Review Manager 4.2.2

Cluster quasi-random
allocation; single-blind (B);
non-placebo-controlled; 13%
drop-out (for all study groups
combined) after 2 years
(study duration = 4 years).
Natural losses (moved to
other schools); any
differential group losses not
assessable.

Group 1 (Bifluorid 12®):
NaF+CaF (27,100+29,200
ppm F) applied tAvice a year
Group 2 (Bifluorid 12®):
NaF+CaF (27,100+29,200
ppm F) applied 4 times a
year
Group 3 (Lawefluor®): NaF
(22,600 ppm F) applied 4
times a year
Placebo group: applied 4
times a vear

214 children analysed at 2*
FV versus NT
years (present for all
(NaF Group (Duraphat®) =
examinations).
22,600 ppm F).
Age range 6-8 years (average
Applied twice a year, with
= 7).
Surfaces affected: 0.61
Q-tip, about 0.1 ml applied
DMFS
per tooth (Istm ) or 0.4 ml per
Exposure to other fluoride:
child, left to dr> for 15
data not obtained for
seconds.
dentifrice
Year study began: 1990
Location: Spain
Dental treatm ent level
(F/DMF): 4.3%

0-D M FS
MD-DMFS
BL-DMFS
DMFT(CA)

2y*N etlstm DM FS increment
- (CA)(E+U)
Reported at 2 years
follow-up.
IstmPF-DMFS
1stmMD-BL-DMFS
1st m olar occlusal CIR,
m olar failures over tim e (for
molars healthy and fully
erupted ).
Dropout (no data by group)

B

School-classes randomized
(15) and children taken as
units for caries increment
analyses, molars as units for
caries incidence and survival
analyses; num ber o f chidren
by group NR.
Baseline characteristics (age,
gender, SES, dft, IstmF/DM,
Istm M ; IstmDM FS)
described as 'balanced'
(results NR).
Clinical (VT) caries
assessment by one examiner;
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diagnostic threshold = CA;
state of tooth eruption
included = E+U; exam iner
reproducibilit}' checks
(Kappa coefficient) in 10%
sample greater than 0.71 in
all Istm D FT measurements.
*Only su n i\ al analysis
(m olar failures o \e r time)
reported at 4 years, when
results were not a\ ailable for
DMFS increment.
Clark 1985

Review Manager 4.2.2

Stratified random allocation;
double-blind ('A');
placebo-controlled ('PL');
14% drop-out alter 2.5 years
(study duration = 4.5 years).
Reasons for attrition NR; no
differential group losses.

676 children analysed at 2.5*
years (available at 2nd
examination, present in at
least 5 of 6 treatments).
Age range 6-7 years.
Surfaces affected: 0.39
DMFS
Exposure to other fluoride:
toothpaste + others
Year study began: 1981
Location: Canada
Dental treatment level
(F/DMF): 83%

FV(2 groups)+ptc versus
'PL'+ptc
Group 1 (Fluor Protector®):
Difluorsilane (7000 ppm F)
Group 2 (Duraphat®): NaF
(22,600 ppm F)
Applied tw ice a year, about
0.5 ml applied per child.

2.5y*DMFS increment (CA)(E+U)
lst& 2ndm olars dfs (CA)(E)
Reported at 1.5, 2.5 and 4.5
years follow-ups**.
0-D M FS
MD-DMFS
BL-DMFS

Participants randomized (N =
787).
Baseline characteristics
(dental age, DMFS)
'balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA; state of tooth
eruption included = E+U/E;
duplicate exam ination of
10%sample between
examiners done (mean
difference of 0.86 DMFS),
"results of integrated analysis
of treatment and exam iner
effects remained the same
(significant)". Results
presented separately by
exam iner and combined
(integrated results chosen).
* Results closest to 3 years

B
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chosen.
Frostell 1991

Holm 1979

Quasi-random allocation;
single-blind (B);
non-placebo-controlled;
drop-out rate NR nor
obtainable (study duration =
2 years). Exclusions based on
compliance, any differential
group losses not assessable.

Quasi-random allocation;
single-blind (B);
non-placebo-controlled; 10%
drop-out after 2 years (study
duration = 2 years). Natural
losses; no differential group
losses.

206 children analysed at 2
years (after exclusions,
available at final
examination).
Average age 4 years.
Surfaces affected; 4.79 dmfs
Exposure to other fluoride:
toothpaste + others
Y ear study began: 1977
Location: Sweden

225 children analysed at 2
years (available at final
examination). Average age 3
years.
Surfaces affected: 0.88 defs
(but no teeth filled or
extracted) - 70% caries-free
Exposure to other fluoride:
toothpaste + others
Year study began: in/before
1976
Location: Sweden

FV+ptc** versus NT
(NaF Group (Duraphat®) =
22,600 ppm F).
Applied twice a year, with
small brush, left to diy for 2
min.

FV versus NT
(NaF Group (Duraphat®) =
22,600 ppm F).
Applied twice a year, with
small brush, left to dry
(duration NR).

2ydmfs increment - (E)
(CA)cl+(DR)xr
Reported at 2 years
follow-up.

dmft

2ydefs increment - (E)
(CA)cl+(DR)xr
Reported at 1 and 2 years
follow-ups.
O-defs
MD-defs
BL-defs
ds
Proportion o f children w ith
one or more new defs (at CA
level).

Participants randomized
(numbers NR).
Baseline characteristics
(dmft/s) 'balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA and NCA;
state of tooth eruption
included = E. Radiographic
assessment (4postBW) by one
examiner; diagnostic
threshold = DR and ER.
Diagnostic errors NR.
**Prior prophylaxis with
non-fluoride paste caried out
in FV group only.

C

Participants randomized (N =
250).
Baseline characteristics
(defs) 'balanced'.
Clinical (VT) caries
assessment b> one exam iner;
diagnostic threshold = CA
and NCA; state o f tooth
eruption included = E.
Radiographic assessment (if
required) by one examiner;
diagnostic threshold = DR.
Diagnostic errors NR.

C

Participants randomized (N =

B

Dropout
Holm 1984
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95 children analysed at 2

FV+ptc** versus NT

2ylstm D FS (fissures only)
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indication o f blind caries
assessment (C);
non-placebo-controlled;
16% drop-out after 2 years
(study duration = 2 years - of
observation period for the
individual 1st molars). Some
o f the reasons for attrition
w ith sample sizes in each
arm described (2 moved
away, 2 refused participation)
but reasons for 14
w ithdrawals NR; any
differential group losses not
assessable.
K och 1975
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Random allocation;
single-blind (B);
non-placebo-controlled; 10%
drop-out after 1 year (study
duration = 1 year). Reasons
for attrition NR; any
differential group losses not
assessable.

years (available at final
examination).
Average age 6 years.
Surfaces affected: 9.66 dmfs,
8% caries-free (zero DFS for
erupting 1st molars)
Exposure to other fluoride:
water, rinse
Y ear study began: 1977
Location: Sweden

121 children analysed at 1
year (available at final
examination).
Average age 15 years.
Surfaces affected: 29.2
DMFS
Exposure to other fluoride:
rinse
Y ear study began: 1973
Location: Sweden

(NaF Group (Duraphat®) =
22,600 ppm F).
Applied twice a year, with a
pencil (probe used to press
the varnish into fissure).

increment - (CA)(U)
Reported at 2 years
follow-up.
Istm DFT increment
Proportion of children with
one or more new IstmDFS
(at CA le\el), proportion of
carious 1st molars.

FV+ptc** versus NT
(NaF Group (Duraphat®) =
22,600 ppm F).

lyDM FS increment - (E)
(CA)cl+(DR)xr
Reported at 1 year follow-up.

Applied twice a year, with a
cotton swab, about 0.7 ml
applied per child (full mouth
treatment), left to diy for 2
min.

0-D M FS
MD-DMFS
BL-DMFS

113); numbers by group NR.
Baseline characteristics
(dmfs) 'balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state of tooth eruption
included = U; intra-exam iner
reproducibilit) checks for 1st
molars (icc 0.98).
**Prior prophylaxis with
non-fluoride paste carried out
in FV group only.

Participants randomized
(135); numbers by group NR.
Baseline characteristics
(DMFS) balanced.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA
and NCA; state o f tooth
eruption included = E.
Radiographic assessment
(full-mouth BW) by one
examiner; diagnostic
threshold = DR and ER.
Intra-exam iner
reproducibilit} checked for
DMFS cl+xr exam inations in
20% sample (m ean difference
o f0 .2 D S ).
**Prior prophylaxis with
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non-fluoride paste carried out
in FV group only.
M odeer 1984

Tewari 1990

Review Manager 4.2.2

Random allocation;
single-blind (B);
non-placebo-controlled; 18%
drop-out after 3 years (study
duration = 3 years). Reasons
for attrition described with
respective numbers in each
group (8 moved away, 14
ortho treated, 20 - all in
varnish group, refused
participation); differential
group losses.

194 children analysed at 3
years (available at final
examination).
Average age 14 years.
Surfaces affected: 1.43 DFS
Exposure to other fluoride:
toothpaste + rinse
Year study began: 1979
Location: Sweden
Dental treatment le\ el
(F/DF): 86%

Stratified random allocation;
double-blind ('A');
placebo-controlled ('PL'); 6%
drop-out after 2.5 years
(study duration = 4.5 years).
Natural losses; no differential
group losses.

618 children analysed at 2.5*
years (available at 2nd
examination).
Age range 6-12 years
(average = 8.5).
Surfaces affected: 2.53
DMFS
Exposure to other fluoride:
data not obtained for
dentifrice
Y ear study began: in/befbre
1982

FV+ptc** versus NT
(NaF Group (Duraphat®) =
22,600 ppm F).
Applied four times a year,
with small brush, 0.3-0.5 ml
applied per child.

3yMD-DFS increm ent - (E)
(DR)xr
Reported at 3 ) ears
follow-up.
Caries progression rate
Dropout

FV+ptc versus 'PL'+ptc
(NaF group (Duraphat®) =
22,600 ppm F).
Applied tw ice a year, with
single tufted brush, about 0.5
ml applied per child, left to
di) for 4 min.

2.5y*NetDMFS increment
(CA)(E)
Reported at 1.5 and 2.5 year
follow-ups.
ODMFS
MDDMFS
BLDMFS
DMFT

Participants randomized (N =
236).
Baseline characteristics
(toothbnishing frequency,
toothpaste use, participation
in rinsing program, SES)
described as 'balanced'
(values NR); initial DFS
unbalanced.
No clinical assessment of
caries.
Radiographic assessment
(4postBW) by one examiner;
diagnostic trheshold =
ER/DR; intra-exam iner
reproducibilit}' checks (icc=
0.89).
**Prior prophylaxis w ith
non-fluoride paste carried out
in FV group only.
Participants randomized (N =
657).
Baseline characteristics (age,
DMFS, DMFT) balanced.
Clinical (VT) caries
assessment b) two
examiners; diagnostic
threshold = NCA/CA; state
o f tooth eruption included =
E/U; constant duplicate
exam ination of 10% sample
between same and both

B
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Location: India

exam iners (results NR).
♦Final 4.5 years results not
available (results closest to 3
years chosen).

Dropout 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 o f treatment 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),
Istm ^ first permanent molar; A ' = classified as double-blind but participants may not be blind
(as a P L'w as used); CaF = calcium fluoride; CA = lesions showing loss o f enamel continuity
that can be recorded clinically (undermined enamel, rough softened floor walls when probed) or
showing frank cavitation; CIR = caries incidence rate; cl = clinical examination; deft/s =
decayed, extracted andfilled deciduous teeth or surface; dmft s = decayed, missing (or extracted)
andfilled deciduous teeth or surface; D(M)FS/T = decayed, (missing )andfilled permanent
surfaces or teeth; DR ^ radiolucency into dentin; E = teeth erupted at baseline; ER = any
radiolucency in enamel enamel-dentin junction; F V =fluoride varnish treatment; icc =
intra-class correlation coefficient (for inter-rater reliability) ; M ^ missing permanent teeth; MD
= mesio and distal surfaces; N = numbers; NaF = sodium fluoride; NCA ^ non-cavitated enamel
lesions visible as white spots or discoloured fissures; NR = not reported; NS = not significant; NT
= no treatment; O = occlusal surfaces; PF = p it andfissure surfaces; PL = placebo varnish; 'PL'
= not a true placebo (inactive treatment other than varnish used); post BW = posterior bite-wing
x-ray assessment; ppm F = parts per million o f fluoride; ptc prior tooth-cleaning performed
with or without a non-fluoride paste; U = teeth unerupted at baseline; VT = visual-tactile
assessment; xr = radiographic examination.
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Characteristics of excluded studies
Study ID

Reason for exclusion

Bily-Pryga 1983

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Grodzka 1982

No random or quasi-random allocation used. Open outcome
assessment reported after contacting author.

Hetzer 1973

Additional non-fluoride based intervention associated to fluoride
varnish. Random or quasi-random allocation not stated or indicated.
Blind outcome assessment not stated and unlikely.

Heuser 1968

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not stated and unlikely. Varnish
applied once in 15 months.

Hochstein 1975

Medically compromised group of children selected. No random or
quasi-random allocation used (non-random concurrent control). Open
outcome assessment.

Ivanova 1990

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Kolehmainen 1979

Split-mouth design - sites within a participant's mouth were allocated
to treatment and placebo groups.

Kolehmainen 1981

Split-mouth design - sites within a participant's mouth were allocated
to treatment and placebo groups.

Kunin 1991

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Lagutina 1978

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Lieser 1978

No random or quasi-random allocation used (non-random concurrent
control - by matching procedure). Blind outcome assessment not stated
and unlikely.

Lindquist 1989

Fluoride based intervention associated to control group.

Maiwald 1973

Random or quasi-random allocation not stated or indicated.

Maiwald 1978

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Mari 1988

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.
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M ari 1988a

Random or quasi-random allocation not stated or indicated.
Note - Two clusters, each assigned to one of the two groups.

Murray 1977

Split-mouth design - sites within a participant's mouth were allocated
to treatment and placebo groups.

Pashaev 1977

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups. Random or quasi-random allocation
not stated. Blind outcome assessment not stated and unlikely.

Petersson 1998

No random or quasi-random allocation used (non-random concurrent
controls - by matching procedure). Blind outcome assessment not
stated and unlikely .

Ramos 1995

Open outcome assessment.

Riethe 1977

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Rodriguez Miro 1988

Additional non-fluoride based intervention associated to fluoride
varnish.

Ruszynska 1978

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Salem 1979

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Schmidt 1970

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Seppa 1982

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Shobha 1987

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.
Note - Main outcome data not reported in control group (and not
obtainable).

Suntsov 1991

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.
Note - Only post-treatment effects reported.

Todorashko 1983

Additional fluoride based intervention associated to fluoride varnish.
Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

van Eck 1984

No random or quasi-random allocation used (non-random concurrent
control - by matching procedure).

Wegner 1976

Medically compromised group of children selected. No random or
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quasi-random allocation used (non-random concurrent control). Blind
outcome assessment not stated and unlikely .
Winter 1975

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not stated and unlikely .

Zimmer 1999

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not used.
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Characteristics of ongoing studies
Study ED

Trial name

Participants

M ancunian

The M ancunian
Fluoride V arnish
Project

Inclusion criteria:
FV - Duraphat vs NT
Years 2 and 3 children (NaF group = 22600
(aged 6 to 8 years at
ppm F twice a year)
start)
Setting: 24 schools in
South M anchester, UK

PECC

Prevention o f Early
Childhood Caries

Review Manager 4.2.2

Inclusion criteria:
Children aged 6 to 36
months at enrollment,
no gender or ethinicity
restriction (most are
Chinese or Hispanic),
w ith 4 erupted
maxillary anterior
teeth, without white
spots, caries-free on all
teetli
Setting: General
Hospital and Family
Dental Center in
California, USA

Interventions

FV - Duraphat (2
groups) vs PL
(NaF group 1 = 22600
ppm F once a year.
NaF group 2 = 22600
ppm F tw ice a year)

Outcomes

Starting date

Contact info

Notes

Primaiy measure:
Two-year caries
incidence in primaiy
and permanent
dentitions

Starting date: 2000

D r Gill Davies
M ancunian
Community Health
NHS Trust
M auldeth House
M auldeth Road West
Chorlton
M anchester
M21 7RL
England
0161 958 4049
0161 958 4045
gill@ daviesg28.fsnet.c
o.uk

Cluster randomised
controlled trial with a
single blindness
Expected or actual
study completion date:

Primaiy measure:
Two-year caries
incidence in primary
dentition

Recruitment phase:

2001

Prof Jane A.
W eintraub
Division o f O ral
Epidemiology and
Dental Public Health
D epartm ent of
Preventive and
Restorative Dental
Sciences
San Francisco School
o f Dentistry
University of
California
3333 California Street,
Suite 495
San Francisco

01 Jun 2003
Participating
organisations:
Universit) of
M anchester
Funding organisation:
Inequalities in Health
Research Initiativ e DOH
Double-blind, parallel
design, randomised
controlled trial
Expected or actual
study completion date:
Spring 2004
Participating
organizations:
University of
California, San
Francisco
Funding organization:
NIH/NIDCR
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CA 94143-1361
USA
415-476-3033
415-502-8447
jane\\ @ itsa.ucsf.edu

F V =fluoride varnish treatment; N T = no treatment; NaF = sodium fluoride;
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Table of comparisons
01 Fluoride Varnish versus Placebo/No-treatment
01 D(M)FS increment (prevented fraction) - nearest to 3 years (7 trials)
02 D(M)FT increment (prevented fraction) - nearest to 3 years (3 trials)
03 D(M)FS increment (SMD) - nearest to 3 years (7 trials)
04 D(M)FT increment (SMD) - nearest to 3 years (3 trials)
05 d(e/m)fs increment (SMD) - nearest to 3 years (3 trials)
06 Developing one or more new caries (2 trials)
07 Unacceptability of treatment as measured by leaving study early (2 trials)

Review Manager 4.2.2

25/09/2002

F luoride varn ish es f o r p re ve n tin g d en ta l ca ries in children a n d adolescen ts (THESIS CHAPTER 4)

50
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Holm 1984

55%

(39% to 70%)

Koch 1975
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02 D(M)FT increment (prevented fraction) - nearest to 3 years (3 trials)
Study ID

P rev en ted fractio n

9 5 % c.i.

Borutta 1991

25%

(5% to 45%)

Holm 1984

60%

(37% to 83%)

Tewari 1990

73%

(52% to 95%)
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Additional tables
01 Meta-analyses of prevented fractions
A nalysis

No. studies

r.e. estim ate

9 5% c. i.

M eta-analysis p-val

H eterogeneity test

D(M)FS - all studies

7

46%

30% to 63%

p<0.0001

Q= 28.17(6 d .f); p<0.0001

D(M )FT - all studies

3

53%

23% to 82%

p<0.0001

Q= 11.06 (2 d .f); p= 0.004
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Additional tables
02 Random effects meta-regression analyses of prevented fractions: D(M)FS.
Characteristic

No.
studies

Slope
estim ate

95% c.i.

Slope interpretation

p-value

M ean baseline caries

6

1.4%

(-0.3% to 3.1%)

Increase per unit increase in mean baseline caries

0.1

Background fluorides

5

17%

(-40% to 73%)

Higher PF in presence of background fluorides

0.6

Fluoride dentrifice use

5

-17%

(-62% to 28%)

Lower PF in presence o f fluoride dentrifice use

0.5

Fluoridated water

6

16%

(-26% to 59%)

Higher PF in presence of water fluoridation

0.5
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Additional figures
Figure 01
Funnel Plot o f D(M)FS SMDs according to standard errors o f the studies included in the
meta-analysis
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Abstract
Background
Fluoride toothpastes have been widely used for over three 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 Issue 2, 2000), MEDLINE
(1966 to January 2000), plus several other databases. We handsearched journals, reference lists of
articles and contacted selected authors and manufacturers.

Selection criteria
Randomized or quasi-randomized controlled trials with blind outcome assessment, comparing
fluoride toothpaste with placebo in children up to 16 years during at least one year. The main
outcome was caries increment measured by the change in decayed, missing and filled tooth surfaces
(D(M)FS).

Data collection & 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 mean caries increments between the treatment and control groups expressed as a
percentage of the mean 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 meta-regression analyses.

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 (Cl), 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).

Reviewers* 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. Based on the direct evidence from the
trials, no conclusion could be reached about any effects that fluoride toothpastes might have on
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fluorosis.

Review Manager 4.2.2

25/09/2003

Fluoride toothpastes f o r preventing dental caries in children and adolescents (TH

5

Background
The prevention of dental caries in children and adolescents is generally 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 introduction of water fluoridation
schemes over five decades ago (Murray 1991). These were introduced when caries was highly
prevalent and severe, and when even modest prevention activities led to considerable reductions in
disease levels. In the last twenty years, with the substantial decline in dental caries rates in many
western countries, an increase in dental fluorosis levels in some countries, and intensive research on
the mechanism of action of fluoride highlighting the primary importance of its topical effect,
greater attention 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, wliich 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 lesions and by reducing tooth enamel solubility (Featherstone 1988). Fluoridecontaining 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 increase in, and regular home use of
fluoride in toothpaste (Glass 1982; Ripa 1991; Rolla 1991; Marthaler 1994; OMullane 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 applied
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
developed 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 fluoride interventions and assesses
the effectiveness of fluoride toothpastes in the prevention of dental caries in children.
FLUORIDE TOOTHPASTES (DENTIFRICES)
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Toothbrushing with fluoride toothpaste is by far the most common form of caries control in use
today. The intensive promotion of fluoride toothpastes by the oral health care industry has been a
major factor in their increased use, and, in the developed world, since the 1980s, nearly all
commercially available toothpaste formulations contain fluoride. Various fluoride compounds have
been used alone or combined in the formulations, including sodium fluoride, sodium
monofluorophosphate, amine fluoride and stannous fluoride, and, according to each manufacturer's
specifications these must be compatible with other basic ingredients, especially abrasive systems
(which account for almost half of the entire toothpaste formulation). Fluoride toothpastes must be
differentiated from fluoride prophylactic pastes, since their fluoride concentrations, methods and
frequencies of application differ, 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 translucent form of gel, they are different from fluoride gels, which
have higher fluoride levels, no abrasives and are applied much less frequently, 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 toothpastes are underestimated in 'short term' clinical trials of two to
three years duration, as these are used throughout life. In addition, 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 six
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 effectiveness of low fluoridecontaining toothpastes in reducing dental 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 fluorosis, which is related to both, the amount ingested and the
fluoride 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 six years may swallow an estimated 0.3 g of toothpaste per
brushing (0.3 mg of fluoride) and can inadvertently 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 toothbrushing 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
Review Manager 4.2.2

25/09/2003

Fluoride toothpastes fo r preventing dental caries in children and adolescents (TH

1

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 cliildren are particularly at risk of ingesting toxic
doses of fluoride from a standard 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 one-year-old (10 kg) or for a five to six-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 fluoride 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 twenty 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 design approaches have been modified.
The most important general strategies have focused on increasing sample size and power, reducing
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 fluoride toothpastes in comparison to
placebo and examining formally the main factors that may influence their effectiveness.

Objectives
(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 influenced by the initial level of caries
severity.
(3) To examine whether the effect of fluoride toothpaste is influenced 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 influenced by fluoride concentration or
application features, such as frequency of use.

Criteria for considering studies for this review
Reviev^ Manager 4.2.2
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Types of studies
Randomized or quasi-randomized controlled trials (RCTs) using or indicating blind outcome
assessment, in which fluoride toothpaste is compared concurrently to placebo toothpaste during at
least one year/school year.
RCTs with open outcome assessment or no indication of blind assessment, or lasting less than one
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
intervention 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 compatible abrasive system and are considered at any fluoride
concentration (ppm F), frequency of use, amount or duration of application, 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.

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 dentin level of diagnosis. (See 'Methods of the review' 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 deciduous dentitions; tooth loss; dental pain/discomfort; specific side effects
(fluorosis, tooth staining/discoloration, oral allergic reactions, adverse symptoms such as nausea,
vomiting); use of health service resources (such as visits to dental care units, length of dental
treatment time).
Studies reporting only on plaque/gingivitis, calculus, dentin hypersensitivity or fluoride
physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels, etc)
were excluded.

Search strategy for identification of studies
With a comprehensive search, we attempted to identify all relevant studies irrespective of language.
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from 1965 onwards.
ELECTRONIC SEARCHING
Up to 1998
Relevant studies were identified (for the series of topical fluoride reviews) by searching several
databases from date of inception: MEDLINE (1966-1997), EMBASE (1980-1997), SCISEARCH
(1981-1997), SSCISEARCH (1981-1997), ISTP (1982-1997), BIOSIS (1982-1997), CINAHL
(1982-1997), ERIC (1966-1996), DISSERTATION ABSTRACTS (1981-1997) and
LILACS/BBO (1982-1997). Two overlapping but complementary subject search phrases (below)
with very low specificity (but high sensitivity), using '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 Randomized
Controlled Trials (RCTs). These subject search phrases were customised for searching EMBASE
and the other databases:
(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 subheadings 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*))].
RCT filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development 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 Issue
1,1997), the Community of Science database (1998), which included ongoing trials funded by the
National Institute of Dental Research (NTDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980-1997), and OLD MEDLINE (1963-1965) were searched using
the terms "fluor" and "carie" truncated. (Grey literature search had also been carried out by searching
the Index to Scientific and Technical Proceedings (ISTP) and DISSERTATION ABSTRACTS).
From 1999 to 2001
The following strategy was used to search LILACS/BBO in 1999 (1982-98), where free-text
subject search terms were combined with a methodological filter for RCTs:
[(fluor$ or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluorS or duraphatS)
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and (carie$ or dmf$ or cpo$ or tooth$ or teeth$ or dent$ or dient$ or anticarie$ or cario$ or
mouthrinsS or mouth rins$ or rinse$ or bochechS or enjuag$ or vemiz$ or vamish$ or bamizS or
laca$ or gel or gels)] and [random$ or aleatori$ or acaso$ or azar$ or blindS or mask$ or cego$ or
cega$ or ciego$ or ciega$ or placebo$ or(clinic$ and (trial$ or ensaio$ or estud$)) or (controls and
(trials or ensaioS or estudS))].
A supplementary and more specific subject search phrase (including 'free-text' and 'controlled
vocabulary' terms), refined exclusively for this review, formulated around three concepts:
toothpaste, fluoride and caries, was used to search Silverplatter MEDLINE (up to January 2000)
without methodological filters:
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/ 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)].
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 Issue 2, 2000) 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 Library database: Cochrane Database of
Systematic Reviews (CDSR), and the CRD databases: Database of Abstracts of Reviews of Effects
(DARE) and NHS Economic Evaluation Database (NHS EED), were also searched. Reference
lists of relevant chapters from preventive dentistry textbooks on topically applied fluoride
interventions were also consulted.
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 Oral Epidemiology, Journal of
the American Dental Association, Journal of Dental Research, Journal of Public Health Dentistry
and European Journal of Oral Sciences. The handsearch of Community Dentistry 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 technical 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
information on possible unpublished studies eligible for inclusion. All the authors of studies who
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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 locating 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 unpublished trials requested: ColgatePalmolive, Unilever/Gibbs, Gaba AG, Smithkline Beecham, Procter and Gamble, Oral-B, BristolMyers Co, Warner-Lambert, Synthelabo.

Methods of the review
IDENTIFICATION OF REPORTS PRODUCED BY THE SEARCHES
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported 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 without the benefit of
eliminating duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE
search performed without methodological filter were imported to Reference 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
reviewer) 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
according to study design/duration, participants, or interventions/comparisons (if it could be
determined that the article was not a report of a randomized/quasi-randomized controlled trial; or
the trial was of less than six to eight months duration; or the trial was exclusively 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 contacted.
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 per cent). In addition, any study
that could not be classified by the first reviewer was independently assessed by the second. A third
reviewer was consulted, Stuart Logan (SL) or Aubrey Sheiham (AS), to resolve any disagreement.
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It was decided in advance to exclude any trial where agreement could not be reached (but this did
not occur). 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. Attempts were made to contact authors of trials that could not be classified in order
to ascertain whether inclusion criteria were met.
QUALITY ASSESSMENT
The methodological quality of the included studies was assessed according to the criteria for
concealment of treatment allocation described in the Cochrane Collaboration 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 allocation 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 independently 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 outcome 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 examination performed independently of previous results, of x-rays
registered independently of clinical examination, of use of a placebo, 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 sample 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 outcome had been carried
out blind.
Other methodological characteristics of the trials such as completeness of follow up (proportion
excluded) and handling of exclusions (extent to which reasons for attrition are explicitly reported,
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 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
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one third of included studies. However, in future updates all reports will be data extracted and
quality assessed in duplicate. Checking of interobserver reliability was limited to validity
assessments. Again, data that could not be coded by the first reviewer were independently coded
by the second, any disagreement was discussed and a third reviewer consulted to achieve
consensus where necessary. 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 result.
Attempts were made to contact authors through an open-ended request in order to obtain missing
information or for clarification 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
randomization in sizing/balancing (stratification based on relevant variables) or used post
randomization in analysing/adjusting for possible differences in prognostic factors between groups;
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors); any co-intervention
and/or contamination. 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 application (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 trials (change fi’om baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components 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,
approximal surfaces, etc), state of tooth eruption considered (erupted and/or erupting teeth or
surface), diagnostic thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions),
methods of examination adopted (clinical and/or radiolographical), and approaches to account or
not for reversals in caries increment adopted (in a net or observed/crude caries increment
respectively). In addition, caries increments have been recorded whenever the authors reported
them (various follow ups).
As we were aware that caries increment could be reported differently 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 chosen 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 dentinal/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 three years (often the one at the end of the treatment period) would be chosen
Review Manager 4.2.2

25/09/2003

Fluoride toothpastes f o r preventing dental caries in children and adolescents (TH

14

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 'Table of included studies' 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.
ANALYSES
Handling of missing main outcome data
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be imputed through linear regression of log standard
deviations 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
(similar) 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 active fluoride agents or concentrations of fluoride ions to a placebo
group, raw results (the numbers, mean caries increments and standard deviations) from all relevant
experimental groups were combined in order to obtain a measure of treatment effect. This enables
the inclusion of all relevant data in the primary meta-analysis, although 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 fraction (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 difference, 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 sample 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 (when the review was first published). The raw results of the studies
(mean/SD/n) were entered in RevMan and mean difiFerences were presented without meta-analyses.
If meta-analyses using standardised mean differences yielded materially 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 number 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
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Heterogeneity was assessed by inspection of a graphical display of the estimated treatment effects
from the trials along with their 95 per cent confidence intervals and by formal tests of homogeneity
undertaken 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
hypothesised 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 version 6.0 (Stata Corporation,
USA) using the program Metareg (Sharp 1998).
To allow such investigation, relevant data were dealt with as follows: 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 fluoridated water/salt/tablets, and were
grouped into two categories: one for studies which were based on samples not using/not reporting
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 communities, 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 fluoridation should be
above 0.3 ppm F. When background use or not of fluoride toothpaste (again, only for studies
where the intervention 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 assumed that fluoride toothpaste was widely used from the middle of the 1970s
(Ripa 1989). This information was sought from authors (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 'concentration 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 concentration 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
assessment of the effect of toothpaste application mode', classified as either self-applied under
supervision (at school/institution) or as unsuper\ised use (at home).
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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 4.1 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.

Description of studies
SEARCH RESULTS
Searching the core database in Reference Manager retrieved 2600 records from MEDLINE,
EMBASE, BIOSIS, SCISEARCH, SSCISEARCH, CINAHL, ERIC, ISTP and DISSERTATION
ABSTRACTS. 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 searching 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 outside Reference Manager. Searching
OLD MEDLINE 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 without
a randomized controlled trial (RCT) filter produced 1005 records, and the search performed in the
Cochrane Oral Health Group Trials Register produced 244 records. The search for ongoing studies
in the metaRegister of Controlled Trials produced five records.
Searching other non-electronic sources (reference lists of potentially relevant reports, review
articles or book chapters, journals, and contacting authors) produced 99 additional records for
inspection. One of the nine manufacturers of fluoride toothpastes contacted, GABA, provided a list
of 409 records from a search performed 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 reports were sought for detailed assessment for inclusion, of which
10 full-text reports could not be obtained (most of these were incomplete references to unpublished
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studies conducted decades ago by toothpaste manufacturers). One hundred and ten (110) reports
were considered immediately irrelevant for this review (largely as a result of the type of
interventions compared with, or used in addition to fluoride toothpaste, 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 translation (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 fiilly 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' 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 randomized/quasi-randomized. One study randomized 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/indicated 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 interventions 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 participants 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/quasirandom 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
Review Manager 4.2.2

25/09/2003

Fluoride toothpastes f o r preventing dental caries in children and adolescents (TH

18

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
assistance (product provision, etc) and/or financial support from fluoride toothpaste manufacturers.
Of a total of twenty-two studies whose authors were sent request letters for unpublished
information, replies related to four studies were obtained.
Design and methods
Twenty-two studies had more than one fluoride toothpaste treatment 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
duration (indicated by the total length of follow up as well as the treatment duration) ranged from
one to seven years among included trials: seven lasted four years or more, 36 lasted three years, 27
lasted around two years, and the remaining four lasted one/one and a half years. Studies were
generally large with only nine allocating less than 100 children to relevant study groups. The total
number of children participating 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 five to 16
years; at least 49 trials included children who were 12, at least four trials included children younger
than six years of age (five year-olds) and 18 trials included children who were five or six (in which
deciduous teeth caries increment data could have been reported). Decayed, (missing) and filled
surfaces (D(M)FS) data at baseline were reported 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 deciduous 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 areas; generalised use of other fluoride programmes
(rinsing) was reported in only two of these. For the two trials where the intervention 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
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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 Monofluorophosphate (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, NaFSnF2 in two); these were formulated with various 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 studies 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 frequencies (this was assumed when data were not reported): a
frequency of less than once a day in five studies where supervised toothbrushing at school was
performed, and a frequency of twice a day or more in seven studies (five of which were also studies
where supervised 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
'em' dispensed over the brush). As regards the performance of some form of oral rinsing 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 specifying the method used for postbrushing rinse (e.g. with or without 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 trials reported DMFS data, 33 reported DFS data, and one trial reported
DS data only (DFS data were chosen over DMFS data in 12 of the trials). With regard to the types
of teeth/surfaces assessed, 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 trials (see
table). Thirty-three trials presented D(M)FS data at more than one follow up time; follow up of
three years was the most common (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 provided 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 clinically 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 cavitation; ER = any radiolucency in
cnamel/enamel-dentin junction; DR = radiolucency into dentin. Many trials presented results using
one caries grade only (usually CA/ER or CA/DR), others either did not report the grade, in which
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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 considered 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)), proportion 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 developed 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.

Methodological quality of included studies
Based on twenty-eight 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: randomized groups, double-blind
designs and placebo controls. Nevertheless, there were differences in their methodological quality
(using the reported information and additional information obtained from a few investigators).
ALLOCATION CONCEALMENT
Eleven of the trials which described the randomization 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 randomized but provided no description of
the allocation process and were coded B. Seven trials were quasi-randomized 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
randomized), excluding the 13 studies with no data on participants randomized 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 two years to 66% at three years. A
common reason for attrition was that participants were not available for follow up examination at
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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 randomization (e.g. starting use of orthodontic bands). A few trials
reported the numbers excluded according to reason for attrition, but only two trials reported this
by study arm.
OTHERS
Type of randomization: stratified randomization was used in the majority of trials (but only one
described use of blocking).
Unit of randomization/analysis: none of the trials reported the use of cluster randomization.
Individuals were allocated to study arms in all trials, and each participant's caries increment, over a
period 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 'balanced' (for which randomization may have produced nearly exact
balance) did not report the actual values for the baseline characteristic 'initial caries levels'
(D(M)FS/T). Some degree of imbalance was reported in a few trials (for characteristics considered
most influential, 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: diagnostic 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).

Results
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 difference (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 reporting 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 increment) = 0.64 + 0.55 log (mean caries
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increment), (R-squared = 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 standard 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
(Cl), 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 'Other data' tables; the results of
the random effects meta-analysis of D(M)FS PFs (performed in Stata) are presented in 'Additional
Table 01 : Meta-analyses of prevented fractions'. A forest plot showing the effects of fluoride
toothpaste (PFs and 95% CIs) on D(M)FS increments resulting from this meta-analysis is available
in the 5th review in this series: Topical fluoride (toothpastes, mouthrinses, gels or varnishes) for
preventing dental caries in children and adolescents (Comparison 01, Sub-category 01).
Metaregression and sensitivity analyses: D(M)FS PF
Univariate meta-regression suggested a significant association between estimates of D(M)FS PFs
and the following trial characteristics: baseline caries levels, fluoride concentration, frequency of
use, as well as 'total intensity of application' (frequency times concentration). Statistical significance
was just lost for the associations of frequency of application and 'intensity' with the prevented
fraction when the trial of Di Maggio 1980, a study with high influence, was excluded. There was
no significant association between estimates of D(M)FS PFs and the pre-specified factors
background exposure to fluoridated water or background exposure to any fluoride source. Further
univariate meta-regression analyses showed a significant association of mode of toothpaste use
(supervised/unsupervised) and of drop out rate with the PF, but no significant association between
this and allocation concealment (random/quasi-random) or length of follow up (duration of study).
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 meta-regression analyses (for each covariate, significant and non
significant associations remained the same as in the previous univariate analyses, and the
association of the PF with frequency of use (10.6%; Cl, 0.06% to 21%; p= 0.049) and with
intensity of use (7.5%; Cl, 1.45% to 13.5%; p= 0.015) remained significant even after the
exclusion of the study by Di Maggio 1980. The association between fluoride concentration and
D(M)FS PF did not remain significant when adjusted for background exposure to water
fluoridation/exposure to any fluoride, frequency of use (with or without Di Maggio 1980), or
intensity of application in bivariate meta-regression. Further bivariate meta-regression 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. When the trial by Di Maggio was
excluded the association between frequency of toothpaste use and D(M)FS PF remained significant
only when adjusted for mode of toothpaste use and baseline caries, and the association between
intensity of use and D(M)FS PF remained significant when adjusted for these variables or for
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dropout. Mode of toothpaste use (supervised/unsupervised) or drop out rate remained significant
when adjusted for each covariate, except for background exposure to water fluoridation/exposure
to any fluoride.
When the effect of each covariate (baseline caries, background exposure to water fluoridation,
fluoride concentration, frequency of use (without the trial by Di Maggio), mode of toothpaste use,
and drop out rate) was controlled for all others there remained strong associations between PF
with baseline caries (0.8% increase in PF per unit increase in caries, 95% Cl, 0.3 to 1.2%;
p=0.002), mode of use (10% lower PF with unsupervised brushing, 95% Cl, -16 to -3%; p=0.004),
drop out rate (2.9% increase in PF per 10 drop outs, 95% Cl, 0.8 to 5%; p=0.008); and fluoride
concentration (11% increase in PF per 1000 ppm F, 95% Cl, 3 to 18; p=0.005). These results
(estimates and statistical significance for each covariate in the model) were almost unchanged when
we replaced both covariates 'toothbrushing frequency' and 'fluoride concentration' by the factor
'intensity of use' (again, excluding the influential study by Di Maggio), when a 7% Increase in PF
was indicated with increased intensity of use - equivalent to doubling the use from once to twice a
day and increasing the concentration by 1000 ppmF (95% Cl, 0.8 to 13%; p=0.026).
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 fluoride, 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 02; Random effects metaregression analyses of prevented fractions: D(M)FS'. It
should be noted that the influential study by Di Maggio 1980 is omitted from the analyses
frequency of use and intensity of use with prevented fraction. 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 comparisons.
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 children needed to treat (NNT) to
prevent one D(M)FS were calculated based on the pooled D(M)FS PF and on the caries
increments in the control groups of the trials that contributed data to the meta-analysis. The overall
caries-inhibiting effect (%PF) derived from the pooled results of the 70 trials was 24% (95% Cl,
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 studies), this implies an absolute caries reduction of 0.27 D(M)FS per year, equivalent to
an NNT of 3.7 (95% Cl, 3.1 to 4.2): i.e. 3.7 children need to brush with a fluoride toothpaste
Review Manager 4.2.2

25/09/2003

Fluoride toothpastes fo r preventing dental caries in children and adolescents (TH

24

(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 caries reduction of 0.62 D(M)FS per year, equivalent to an NNT of 1.6 (95%
Cl, 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% Cl) = -0.85 (-2.53 to 0.83) (p=0.32)). There is, therefore, no evidence of bias using this
method.
The funnel plot of the 70 trials comparing fluoride toothpaste with placebo is available in
'Additional Figure 01', where D(M)FS standardized mean differences are ploted against standard
errors (see 'Alternative treatment effect measure' below ).
(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 fifty-three 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% Cl, 0.18 to 0.28; p< 0.0001), suggesting,
again, a substantial benefit of fluoride toothpaste, within relatively narrow CIs, and with substantial
heterogeneity between trials (Q= 541.04 on 52 degrees of freedom, p< 0.0001).
For each study, the D(M)FT PF and 95% Cl can be viewed in the 'Other data' tables. The results of
the random effects meta-analyses of D(M)FT PFs performed in Stata are also presented in
'Additional Table 01 : 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 materially similar results to those
using PFs (the difference in mean caries increments between the treatment and control groups
divided 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% Cl, 0.27 to 0.36; p<
0.0001). There was substantial heterogeneity between trials (chi-square = 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%
Cl, 0.24 to 0.33; p< 0.0001). There was statistically significant heterogeneity (chi-square =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
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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% Cl
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' section). Most of these are simply other measures/indices for dental caries increment in
permanent 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 reporting on tooth staining from the use of stannous fluoride
toothpaste. 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 developing 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 0.93
(95% Cl, 0.84 to 1.04; chi-square for heterogeneity 12.31 on 6 degrees of freedom, p= 0.06). This
corresponds to an NNT to prevent one child from developing caries of 20 (95% Cl, 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 two to three years will prevent new caries development in one child).
Proportion of children with tooth staining
Data on the proportion of children with extrinsic tooth staining (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 two
to three years (2 trials) and during the last year of a three-year period (3 trials). The pooled
estimate (random effects meta-analysis) of the risk difference (RD) between the toothpaste and
placebo arms was 0.24 (95% Cl, 0.19 to 0.30; chi-square for heterogeneity 17.3 on 4 degrees of
freedom, p= 0.0017), ie. clearly favouring the placebo arm. This is equivalent to a number needed
to harm (NNH) of 4.2 (95% Cl, 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 stannous fluoride
containing toothpaste would be associated with one extra case of tooth staining.

Discussion
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
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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 involving 2008 children aged six to nine 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 increment (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 fluoride toothpaste and the initial level of caries severity,
background exposure to other fluoride sources, fluoride concentration, and application features
such as the frequency of toothpaste use. A significant influence of the variables initial level of
caries, concentration of fluoride, and frequency and intensity (frequency x concentration) of
fluoride toothpaste use on the prevented fraction (PF) was shown in the meta-regression analyses
performed. Although the suggested greater treatment effect with increased frequency and intensity
of toothpaste use was influenced by one study with particularly powerful effects after adjustments
were performed in some bivariate and multivariate analyses, such relationships remained significant
in various analyses.
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 necessarily 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 concentration is consistent with that
reported in two large clinical trials directly comparing different fluoride concentrations in
toothpaste (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 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 brushing 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). Nevertheless, although metaregression 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 comparisons of
different fluoride concentrations and frequencies of application, 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 treatment effect. This may have been partly influenced by
potential misclassification, especially due to the incomplete reporting of data for exposure to
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fluorides other than water. However, the lack of association between exposure to water/salt
fluoridation and treatment 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-fluoridated areas (fluoride toothpaste use provides additional caries reduction
in subjects from fluoridated areas).
We made a thorough attempt to investigate potential sources of heterogeneity in this review,
examining factors related to participants, interventions and study quality. Most of the a priori
specified factors were clearly related to heterogeneity. An association with treatment effect was
found for two of the other factors investigated 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 fluoride compounds present in
toothpaste formulations and the magnitude 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
fluoride). Although it can provide indirect evidence of relative treatment effects, this is less reliable
than evidence from head to head comparisons which, again, were not within the scope of the
review. Two published meta-analyses of the comparative efficacy of sodium fluoride and sodium
monofluorophosphate, the fluoride toothpaste compounds that currently dominate the market
internationally, report a 7% greater reduction in caries increment with the use of sodium fluoride
formulated in compatible abrasive systems (Johnson 1993; Stamm 1995).
Although visual inspection suggests a degree of funnel plot asymmetry the Egger test provided no
evidence of a significant relationship 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.
Stannous 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 (five year-olds and
above), and their usual duration of two to three 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 fluorosis, that one public health
problem has been substantially reduced 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 concentrations of fluoride in
toothpaste, for example, requires evaluation of how they may affect fluorosis as well as caries in
young children.
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Reviewers' conclusions
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/intensity
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 usefiil 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 better than those assessing the effects of
other topical fluoride interventions, although many reports lacked important methodological
details. This is likely in part to be due to the fact that most are relatively old. Many characteristics
considered crucial for excluding bias, such as clearly stated randomization 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
fluoride 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
preschool 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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Characteristics of included studies
Study ID

Methods

Participants

Interventions

Outcomes

Abrams 1980

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 o f residence,
absenteeism, non-adherence
to study protocol; no
difterential group losses.

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.

FT (2 groups) versus PL
(both SnF2 groups = 1000
ppm F).

3yNetDFS increment - (E+U)
(CA)cl+(ER)xr.
Reported at 1, 2 and 3 years
follow ups.

Andlaw 1975

Review Manager 4.2.2

Stratified random allocation;
double-blind (A);
placebo-controlled; 13% drop
out after 3 years (study
duration = 3 years). M ain
reasons for attrition
described: moved away.

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

Home use/unsupervised,
daily ffequenc) assumed.
Abrasive system: silica gel in
one SnF2 and placebo
toothpaste, Ca pyrophosphate
in the otlier SnF2 toothpaste.

F T \ersus PL
(SMFP group = 1000 ppm
F).
Home use/unsupenised,
daily frequency assumed.
Abrasive system: A1 oxide

DMFT.
DMFS.
DFT.
MD-DFS.
DFT rate.
DFS rate.

3yNetDFS increment (E+U)(CA)cl+(ER)xr.
Reported at 3 years follow
up.
DMFS.
DFT.

Notes

Allocation
concealment

Participants random ized (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-exam iner
reproducibilit) of clinical
caries diagnosis (DFS)
assessed annually by
duplicate exam ination of
10% random sample (% of
times diagnosis replicated in
all 3 exam inations ranged
42-97% and 77- 92% for
both exam iners and for each
respectively).
Participants randomized (N =
846).
Baseline characteristics (age,
dental age, TAR, DFS,
DMFS, DFT, DMFT, ECSl)
"balanced".
Clinical (VT) caries

B
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absent at final examination;
no differential group losses.

Ashley 1977

Review Manager 4.2.2

Stratified random allocation;
double-blind (A);
placebo-controlled; 12% drop
out (for all study groups
combined) after 2 years
(study duration = 2 years).
N atural losses; any
differential group losses not
assessable.

fluoride; none reported.
Y ear study began: 1970.
Location: UK.

489 children analysed at 2
years (available at final
examination).
Average age at start: 12
years.
Surfaces affected at start: 9.1
DFS.
Background exposure to
fluoride: none.
Year study began: 1973.
Location: UK.

trihydrate.

FT versus PL
(SMFP group = 1000 ppm
F).
School use/super\ised, daily,
Ig applied for 1 min,
post-brushing w ater rinse
done (non-fluoride toothpaste
provided to all for home use).
Abrasive system: IMP (main
abrasi\e).

DMFT.
PF-DMFS.
MD-BL-DMFS.
MD-DMFS.
0-DM FS.
ECSI.

2yNetDFS increm ent (É+U)(NCA)cl+(ER).xr.
Reported at 2 \ ears follow
up.
PF-DFS.
MD-BL-DFS.
MD-DFS.
DFS (U).

30
assessment by two
examiners; diagnostic
threshold = CA.
Radiographic assessment (2
postBW) by two examiners;
diagnostic threshold = ER.
State of tooth eruption
included = E/U.
Reproducibilit) ratio was less
than 0.22 for intra-exam iner
reproducibilit) of clinical and
radiographic caries
diagnosis; "significant
differences between
exam iners could not ha\ e
affected caries increment
figures since each examined
same children annually".
Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age,
DFS, DMFS, DMFT)
^balanced'.
Clinical (V) caries
assessment by one exam iner
(FOTI used); diagnostic
threshold - NCA.
Radiographic assessment
(postBW) by one examiner;
diagnostic threshold = ER.
State of tooth eruption
included = E/U.
Intra-exam iner
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reproducibility checks for
increm ental caries data (icc
for clinical 0.95, for
radiographic 0.8); rev ersal
rate bevveen 12% and 7% of
observed DFS increment in
study groups.
Blinkhorn 1983

Brudcvold 1966
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Stratified random allocation;
double-blind (A);
placebo-controlled; 10% drop
out after 3 years (stud)
duration = 3 years). Reasons
for attrition described with
respective total numbers: 57
left school, 12 withdrawn by
parents, 6 absent at final
exam ination; no differential
group losses.

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

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.

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

FT versus PL
(SMFP group = 1000 ppm
F).
School use/supenised, daily,
for 1 min, post-brushing
water rinse done (appropriate
toothpastes also provided for
home use).
Abrasive S) Stem: IMP (main
abrasive).

FT (3 groups)** versus PL'
(both SnF2 groups = 1000
ppm F, APF group = 1000
ppm F).
Home use/unsupervised.
daily frequency assir
assumed.
Abrasive s>stem: Ca

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.
D M FT(U ).

2yDFS increment - ci+xr.
Reported at 2 years follow
up.
DMFS.
DMFT.
DFT.

Participants randomized (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-exam iner
reproducibilit)' checks for
incremental clinical and
radiographic caries data in
10% sample (icc score 0.9).

B

Participants randoini/cd
(numbers for relev ant groups
NR).
Baseline characteristics
(dental age, DFS, DFT,
DMFS, DMFT, gender)
•balanced'.
Clinical (VT) caries
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assessable.

Buhe 1984

Cahen 1982
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Stratified random allocation;
double-blind (A);
placebo-controlled; 18% drop
out after 3 years (study
duration = 3 years). No
differential group losses.

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

fluoride: data not available
for fluoridation status of site.
Year study began: 1961.
Location: USA.

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.
Y ear study began: 1976.
Location: FRG.
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pyrophosphate in one SnF2
toothpaste, IMP in the other
SnF2 and in the APF
toothpaste, control toothpaste
abrasive NR.

assessment by two
examiners; diagnostic
threshold = CA.
Radiographic assessment (10
BW) by one examiner;
diagnostic threshold NR.
State o f tooth eruption
included NR. Diagnostic
errors NR.
**NaF-secondaiy Ca
phosphate toothpaste group
not considered (abrash e
S) S te m know n to be
incompatible w ith NaF).

FT (2 groups) versus PL
3yNetDFS increment - cl+xr.
(SMFP groups = 1000 ppm F Reported at 3 years follow
and 1500 ppm F).
up.

Participants randomized (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.
Radiographic caries
assessment; diagnostic
threshold NR.

B

Participants randomized (N =
2500); num bers by group
NR.
Baseline characteristics (age,
gender) 'balanced'.
Clinical (V) caries
assessment by six examiners;

B

Home use/unsupenised,
daily frequency assumed.
Abrasive s)stem: IMP.

DMFS.
DMFS (U).
DMFT.

2008 children analysed at 3
FT (2 groups) versus PL
3yDMFS increment - cl+xr.
years (present for all
(SMFP group = 1500 ppm F, Reported at 3 years follow
examinations),
AmF group = 1500 ppm F).
up.
Age range at start: 6-8 years
(average = 7).
Home use/unsupervised.
DMFT.
Surfaces affected at start: 1.4 daily frequency assumed,
DMFS (control group only). Abrasive system: IMP in the df-rate.

25/09/2003

Fluoride tooth pastes f o r p re v e n tin g den tal caries in children a n d adolescen ts (THESIS CHAPTER 5)
examinations; any
differential group losses not
assessable.

Di Maggio 1980

Dolles 1980

Review Manager 4.2.2

Background exposure to
fluoride; data not obtained
for fluoridation status of site.
Year study began: 1977.
Location: France.

Random allocation;
double-blind (A);
placebo-controlled; 16% drop
out (for both study groups
combined) after 2 years
(study duration = 2 years).
M ain reason for attrition
described: left institution; any
differential group losses not
assessable.

42 children analysed at 2
years (available at final
examination).
Age range at start: 11-12
years. Surfaces affected at
start: 11.7 DMFS.
Background exposure to
fluoride: data not obtained
for fluoridation status of site.
Year study began: in/befbre
1977.
Location: Italy.

Stratified random allocation;
double-blind (A);
placebo-controlled; 22%
natural drop out after 2 years
(study duration = 2 years).
Reasons for attrition
described w ith numbers by
group: unacceptable staining

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. Y ear study

SMFP and placebo
toothpaste, Ca carbonate/ Na
and A1 silicates in the AmF
toothpaste.

diagnostic threshold = NR;
state of tooth eruption
included NR. Radiographic
assessment (2 postBW) by
one examiner; diagnostic
threshold NR; partial
recording. Inter- and
intra-exam iner
reproducibilit}' of clinical and
radiographic caries diagnosis
assessed in 10% sample
("good reproducibility, NS
difference between or w ithin
examiners").

FT versus PL
(SMFP-NaF group = 2500
ppm F).

2yDMFS increment - cl.
Reported at 1 and 2 years
follow ups.

Institution use/supenised,
three times a day.
A brash e s> stem: not clearly
specified.

DMFT.

FT(Chlor) versus PL(Chlor)

2yDS increment (CA)cl+(ER)xr.
Reported at 2 years follow
up.

**

(NaF toothpaste = 500 ppm
F).
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Home use/unsupenised,
Proportion of children with
daily frequency assumed
new carious surface.
(instructed to brush for 2 min

Participants randomized (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.

B

Participants randomized (N =
60).
Baseline characteristics NR.
Clinical (VT) caries
assessment, diagnostic
threshold = CA; state of tooth
eruption included NR.
Radiographic assessment

B
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(3,4), unacceptable taste
(2,0), change o f residence
(0,2), other reasons/lack o f
co-operation( 1,1); exclusions
based on presence in all
follow up examinations; no
differential group losses.

F anning 1968
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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
randomized block design).

began: 1974.
Location: Norway.

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
randomized). Background
exposure to fluoride: none.
Year study began: 1964.
Location: Australia.

twice a day).
Abrasive system: plastic
particles.

FT** versus PL
(SnF2 group = 1000 ppm F).
Home use/unsuper\’ised,
daily ffequenc) assumed.
Abrasive s>stem: IMP.

34
(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).

2yDMFS increment (CA)cl+(ER)xr.
Reported at 2 years follow
up.
Stain score.

Participants randomized (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-exam iner
reproducibilit) of clinical
caries diagnosis (DFS)
assessed annually by
duplicate exam ination of
10% random sample ('"error
relatively small, NS
difference between or w ithin
examiners"").

B
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**Na N-Iauro)i
sarcosinate/SM FP toothpaste
group not considered
(additional non-F acti\ e
agent used in this group
only).

Fogels 1979

F orsm an 1974
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Random allocation;
double-blind (A);
placebo-controlled; 40% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition described;
graduations, change o f
residence/school, parental
requests, and ortho
treatment; no difterential
group losses.

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 o f residence/school,
ortho treatm ent, did not wish

1339 children analysed at 3
years (available at final
examination).
Age range at start: 6-11 years
(average = 9).
Surfaces aftected at start: 4.9
DFS. Background exposure
to fluoride: none reported.
Year study began: 1972.
Location: USA.

559 children analysed at 2
years (available at final
e.xamination).
Age range at start: 10-11
years. Surfaces aftected at
start: 5.1 DMFS.
Background exposure to
fluoride: mouthrinse.
Y ear study began: in/befbre

FT (2 groups) versus PL
(both SnF2 groups = 1000
ppm F).

Participants randomized (N =
2218).
Baseline characteristics
(DFS) "balanced'.
Home use/unsupen ised,
Clinical (VT) caries
daily ffequenc) assumed.
MD-DFS.
assessment by two
Abrasive s>stem: silica gel in DFS (U).
examiners, diagnostic
DMFT.
one SnF2 and placebo
threshold = CA.
toothpaste, Ca pyrophosphate
Radiographic assessment
in the other.
Oral soft tissues lesions (data (postBW) by two examiners;
NR).
diagnostic threshold = ER.
State of tooth eruption
Proportion of children with
included E/U. Results shown
tooth staining (data NR).
for each exam iner and for the
pooled data from both
(F-ratios less than unit for
exam iner by treatm ent
interactions); combined
results considered.
3yNetDFS increm ent (CA)cl+(ER)xr.
Reported at 3 years follow
up.

FT (3 groups) versus PL
(the NaF and one SMFP
group = 250 ppm F, another
SMFP group = 1000 ppm F).

2)DM FS increment (NCA)cl.
Reported at 2 years follow
up.

Home use/unsupen ised,
daily ffequenc) assumed.
Abrasive system: silica in all
toothpastes.

BLMD-DFS (Clin).
MD-DFS (x-ray).
Proportion of children with

Participants randomized (N =
681): numbers by group NR
Baseline characteristics
(dental age, DMFS)
"balanced'.
Clinical (VT) caries
assessment by one exam iner
diagnostic threshold = NCA,
Radiographic assessment

B
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to continue; no differential
1970.
group losses reported (but not Location; Sweden.
assessable).

F orsm an 1974a

Gish 1966

G lass 1978
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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 o f residence/school,
ortho treatment, did not wish
to continue; no differential
group losses reported (but not
assessable).

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/befbre
1970.
Location: Sweden.

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.

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/befbre
1963.
Location: USA.

Stratified random allocation;
double-blind (A);

346 children analysed at 3
years (present for all

new smooth surface caries.

FT (2 groups) versus PL
2yDMFS increm ent (one SMFP group = 250 ppm (NCA)cl.
F, another SMFP group =
Reported at 2 years follow
1000 ppm F).
up.
Home use/unsupen ised,
daily ffequenc) assumed.
A brashe s)stem: Ca
carbonate in all toothpastes.

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupen ised,
daily ffequenc) assumed.
Abrasive s) stem: Ca
pyrophosphate.

FT versus PL
(SMFP group = 1000 ppm

BLMD-DFS (din).
MD-DFS (x-ray).
Proportion of children w ith
new smooth surface caries.

3yDMFS increm ent - cl+xr.
Reported at 1, 2, 3, 4 and 5
years follow ups.
DMFT.

3yNetDFS increm ent (CA)cl+(ER)xr.

(postBW) by one examiner;
diagnostic threshold = ER.
State of tooth eruption
included = NR. Diagnostic
errors NR.
Participants random ized (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.

B

Participants randomized (N =
500); numbers by group NR.
Baseline characteristics (age,
DMFS) ^balanced'.
Clinical (VT) caries
assessment by tw o
examiners, diagnostic
threshold = NR.
Radiographic assessment
(5-7 BW); diagnostic
threshold = NR. State of
tooth eruption included =
NR. Diagnostic errors NR.

B

Participants random ized (N =
533); numbers by group NR.

D
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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.

Glass 1983

H anachowicz 1984

Review Manager 4.2.2

examinations).
Age range at start: 6-11 years
(average = 9).
Surfaces affected at start: 4.1
DFS.
Background exposure to
fluoride: none reported.
Y ear study began: in/befbre
1974.
Location: USA.

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.

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.
Y ear study began: 1976.
Location: USA.

Stratified random allocation;

945 children analysed at 3

F).
School use/supervised, Ig
applied daily (appropriate
toothpastes and toothbrushes
also provided for home use).
Abrasive S}Stem: Ca
carbonate.

FT (2 groups) versus PL
(both SMFP groups = 1000
ppm F).
School use/supen ised, 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.

FT versus PL

Reported at 1, 2 and 3 years
follow ups.
MD-DFS.
0-BL-DFS.
DFT.
CIR.
0-BL-CIR.
MD-CIR.

2.5yNetDFS increment (CA)cl+(ER)xr.
Reported at 2.5 years follow
up.
DFT.
CIR.

3yNetDMFS increment

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).
Participants randomized (N =
1017); numbers by group
NR.
Baseline characteristics (age,
DFS, DFT, SAR, TAR)
"balanced" (for DFT/DFS).
Clinical (VT) caries
assessment by two exam iners
(independently); diagnostic
threshold = CA; state of tooth
eruption included = E/U.
Radiographic assessment (2
postBW) by two exam iners
(independently); diagnostic
threshold = ER. Results of
one exam iner chosen
(findings consistent
throughout).
Participants randomized (N =

B

B
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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.

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.

(SMFP group = 1500 ppm
F).
Home use/unsuperv'ised,
daily ffequenc) assumed.
Abrasive sy stem: A1 oxide
trihydrate.

(E)(CA)cl+xr.
Reported at 3 years follow
up.
DMFT.
DMFS (U).
0-D M FS.
MD-DMFS.
BL-DMFS.
premolarDMFT.
premolarDMFS.
Proportion of children w ith
new caries.

Hargreaves 1973
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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.

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 lo
fluoride: none reported.
Year study began: 1968.
Location: UK.

FT versus PL
(SMFP group = 2400 ppm
F).
Home use/unsupen ised,
daily frequency assumed.
A brasi\e system: A1 oxide
trihydratc.

l-3yNetDFS increm ent (E+U)(CA)cl+(ER)xr.
Reported at 3 years follow
up.
DFT.
DMFS.
DMFT.
ECSl.

38
1318).
Baseline characteristics
(DMFS) "balanced".
Clinical (VT) caries
assessment by tw o
examiners; diagnostic
threshold = CA; radiographic
assessment (2 postBW) by
one examiner; diagnostic
threshold NR. State of tooth
eruption included = E/U.
Consistency 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-exam iner
reproducibility 0.27 for
clinical and 0.14 for x-ray).
Participants randomized (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 =

C
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39
E/U. Diagnostic errors NR

Hargreaves 1973a

Hargreaves 1973b

Held 1968
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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.

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.

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.

297 cliildren 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.
Y ear study began: 1968.
Location: UK.

Stratified random allocation;
double-blind (A);
placebo-controlled; 65% drop
out after 3 years (study
duration = 3 years). Reasons

63 children analysed at 3
years (available at final
examination),
Age range at start: 15-16
years.

FT versus PL
(SMFP group = 2400 ppm
F).
Home use/unsuper\ised,
daily ffequenc) assumed.
Abrasive s) stem: A1 oxide
trihydrate.

FT versus PL
(SMFP group = 2400 ppm
F).
Home use/unsupervised,
daily ffequenc) assumed.
Abrasive s) stem: A1 oxide
trihydrate.

3yNetDFS increment (E+U)(CA)cl+(ER)xr.
Reported at 3 years follow
up.
DFT.
DMFS.
DMFT.
ECSl.

3yNetDFS increment (E+U)(CA)cl+(ER)xr.
Reported at 3 years follow
up.
DFT.
DMFS.
DMFT.
ECSl.

FT versus PL
(NaF-SnF2 group = 1000
ppm F).

3yDMFS increment - (E) cl.
Reported at 3 years follow
up.

Institution use/super\ised,

DMFT.

Participants randomized (N =
298); numbers by group NR.
Baseline characteristics (age,
TAR, DFS, DMFS, DFT,
DMFT, ECSl) '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.

C

Participants randomized (N =
317); numbers by group NR.
Baseline characteristics (age,
TAR, DFS, DMFS, DFT,
DMFT, ECSl) "balanced".
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA; radiographic
assessment (2 postBW) by
two examiners; diagnostic
threshold = ER. State of
tooth cniption included ^
E/U. Diagnostic errors NR.

C

Participants random ized (N =
178).
Baseline characteristics
(DMFS, DMFT) not
balanced.

B
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H eld 1968a

H eld 1968b

Hodge 1980
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for high drop out due to age
range at w hich m any leave
the institutions; no
differential group losses.

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.

twice a day.
Abrasive s> stem: not clearly
specified (silica used).

Annual CAR.

Clinical (VT) caries
assessm ent by one examiner;
diagnostic threshold NR;
state o f tooth eruption
included = E. Intra-exam iner
reproducibilit)' checks done.

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 w hich many leave
the institutions; no
differential group losses.

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.
Y ear study began: 1961.
Location: France.

FT versus PL
(NaF-SnF2 group = 1000
ppm F).

3yDMFS increment - (E) cl.
Reported at 3 years follow
up.

B

Institution use/supen ised,
twice a day.
Abrasi\ e s> stem: not clearly
specified (silica used).

DMFT.
Annual CAR.

Participants randomized (N =
101).
Baseline characteristics
(DMFS, DM FT) not
balanced.
Clinical (VT) caries
assessm ent by one examiner;
diagnostic threshold NR;
state of tooth eruption
included = E. Intra-exam iner
reproducibilit)' checks done.

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 w hich many leave
the institutions; no
differential group losses.

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.

FT versus PL
(NaF group = 500 ppm F).

2y*DMFS increment - (E) cl. Participants randomized (N =
85).
Reported at 2 and 3 years
follow ups.
Baseline characteristics
(DMFS, DMFT) not
DMFT.
balanced.
Annual CAR.
Clinical (VT) caries
assessm ent by one examiner;
diagnostic threshold NR;
state o f tooth eruption
included = E. Intra-exam iner
reproducibilit) checks done.
♦Results for 3 years follow up
not considered due to veiy
high drop out rate.

B

Stratified random allocation;

799 children analysed at 3

3yNetDFS increment - (E)

B

Institution use/super\ ised,
twice a day.
Abrasive s> stem: not clearly
specified (silica used).

FT (3 groups) versus PL

Participants randomized (N =
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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.

Homan 1969

Horowitz 1966
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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 stud) began: in/befbre
1976.
Location: UK.

(SMFP group = 1000 ppm F,
both SMFP-NaF groups =
1450 ppm F).

(CA)cl+(DR)xr.
Reported at 3 years follow
up.

School use/supenised, daily, DMFT.
for 1 m in (appropriate
toothpastes also prov ided for
home use).
Abrasive s)'stem: alumina (in
placebo toothpaste, SMFP
and in one SMFP-NaF
toothpaste), dicalcium
phosphate (in another
SMFP-NaF toothpaste).

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.

1874 children analysed at 1.7 FT (3 groups) versus PL
years.
(SnF2 and APF toothpaste
concentrations NR nor
Age range at start: 7-13
years.
obtainable).
Surfaces affected at start:
data not available nor
Home use/unsupenised,
obtainable.
daily frequency assumed.
Background exposure to
Abrasive sy stem: Ca
fluoride: none.
py rophosphate in one SnF2
Year study began: 1965.
toothaste, calcium-free
abrasive in the other SnF2
Location: Australia.
toothpaste and in the APF
toothpaste; abrasive in
placebo toothpaste NR.

Q uasi-random allocation;
double-blind (A);

638 children analysed at 3
years (available at final

FT versus PL **
(SnF2 group = 1000 ppm F).

Caries increment data NR
(not obtainable).
Percentage DFS reductions
by gender and age groups
reported at 1.7 years follow
up.

3yNetDMFS increm ent (E+U) (CA)cl.

41
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.
Reproducibility checks done
in 10% sample clinically and
radiographically (icc of
incremental data between
0.92 and 0.97).
Participants randomized (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.

A

Participants randomized (N =
1059).

C
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placebo-controlled; 40% drop
out rate after 3 years (study
duration = 3 years). Natural
losses; no differential group
losses.

examination).
Age range at start: 6-10
years.
Surfaces affected at start:
2.08 DMFS.
Background exposure to
fluoride: none reported.
Y ear study began: 1961.
Location: USA.

Home use/unsuper\ised,
daily frequency assumed.
Abrasive system: Ca
p}Tophosphate.

Reported at 1, 2, and 3 years
follow ups.
DMFT.

42
Baseline characteristics
(DMFS, DMFT, TAR)
"balanced".
Clinical (VT) caries
assessment by three
examiners; diagnostic
threshold = CA; state of tooth
eruption included = E/U.
Re\ ersals were small in both
groups (about 3% o f DMFS
increments) and equally
common (NS different).
** Only relevant comparison
(others were not
random ized/quasi-random ize
d)

Howat 1978
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Random allocation;
double-blind (A);
placebo-controlled; 12% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition described \\ith
respective total numbers (56
left school, 7 withdrawn by
own choice, 2 lack o f
co-operation); any
differential group losses not
assessable.

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/befbre
1974.
Location: UK.

FT versus PL
(SMFP group = 1000 ppm

F).
School use/supervised, daily,
for 1 min (appropriate
toothpastes also pro\ided for
home use).
A brasi\e sjstem : silica
zerogel.

3yNetDMFS increm ent - (E)
(CA)cl+(DR)xr.
Reported at 3 years follow
up.
antDMFS.
postDMFS.
PF-DMFS.
MD-DMFS.
MD-BL-DMFS.
DMFT.

Participants randomized (N =
560); numbers by group NR.
Baseline characteristics
(DMFS, DMFT, SAR)
"balanced".
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state o f tooth eruption
included = E/U; radiographic
assessment (2 postBW) by
one examiner; diagnostic
threshold = DR.
Reproducibility checks done
in 10% sample clinically and
radiographically (icc of
increm ental data between
0.96 and 0.99).

B
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Jack so n 1967

James 1967

James 1977
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Quasi-random allocation;
double-blind (A);
placebo-controlled; 12% drop
out rate after 3 years (study
duration = 3 years). N atural
losses; no differential group
losses.

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 exam ination
day, disliked toothpaste,
staining o f teeth, others; no
differential group losses.

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.

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.

Stratified random allocation; 782 children analysed at 3
double-blind (A);
years (present for all
placebo-controlled; 19% drop examinations).

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsuper\ised,
daily frequency assumed.
Abrasive s>stem: dicalcium
pyrophosphate.

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupen ised,
daily frequencj' assumed.
Abrasive sj stem: dicalcium
pjTophosphate.

3yDMFS increm ent (E+U)(CA)cl.
Reported at 3 years follow
up.

Participants randomized (N =
986).
Baseline characteristics (age,
DMFS, DMFT, TAR, level of
treatment, staining)
DMFT.
'balanced'.
Clinical (VT) caries
Proportion o f caries-free
assessment by one examiner;
teeth/surfaces (by tooth t>pe/ diagnostic threshold = CA;
surface t>pe) which
state o f tooth eruption
developed caries.
included = E/U. Consistenc)
of clinical diagnosis
Proportion of children w ho
m aintained by
complained of tooth staining. re-exam ination of 10%
sample and calibration
checks made against reser\ e
examiner.
3yDFS increm ent - (E)
(CA)cl+(ER)xr.
Reported at 3 years follow
up.
DMFS.
DFT.
DMFT.
postMD-DFS.
Proportion of children with
tooth staining.

FT versus PL
(SMFP group = 2400 ppm

F).

43

3yDMFS increment (CA)cl+(ER)xr.
Reported at 3 years follow

Participants random ized (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.
Participants random ized (N =
964); numbers by group NR.
Baseline characteristics (age.

C

B

B
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Kinkel 1972

K leber 1996
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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.

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.
Y ear study began: 1970.
Location: UK.

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.

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.
Y ear study began: in/befbre
1969.
Location: Switzerland.

Stratified random allocation;
double-blind (A);
placebo-controlled; 10% drop
out after 1 year (study
duration = 1 year). M ain
reasons for attrition; changes
in residence, few exclusions
for initiation o f ortho
treatm ent; no differential

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.
Backgroimd exposure to
fluoride: none reported.

up.
Home use/unsupenised,
daily frequency assumed.
Abrasive system: A1 oxide
trihydrate.

FT versus PL
(SMFP group F
concentration NR).

postMD-DMFS.
O-DMFS.
BL-DMFS.
0-BL-M DDM FS.
antDMFS.

44
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
exam iner reliabilit)' for
clinical and radiographic
diagnosis revealed by
re-examination of 10%
sample.

3yDMFS increment Participants randomized (N =
(CA)cl+(DR)xr.
927); numbers by group NR.
Reported at 1,2, 3, 4, 5 and 7 Baseline characteristics
years follow ups.
(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.

B

FT(+Alrins) versus
PL(+Alrins) **
(NaF toothpaste = 1100 ppm
F).

lyDM FS increm ent (CA)cl+(ER)xr.
Reported at 0.6 and I year
follow ups.

B

Home use/unsupen ised,
daily frequency assumed.
Abrasive system: silica.

DMFT.

Home use/unsupenised,
daily ffequenc) assumed.
Abrasive S)Stem: NR.

Proportion o f children
rem aining caries-free.

Participants randomized (N =
174).
Baseline characteristics (age,
gender DMFS, DMFT)
'balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA; state o f tooth
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group losses.

Y ear study began; in/befbre
1994.
Location: USA.

Proportion of children with
new DMFS.
Oral soft tissues lesions.

Koch 1967
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Stratified random
allocation***; double-blind
(A); placebo-controlled; 19%
drop out after 3 years (study
duration = 3 years + 2 years
post-inter\ention period).
Natural losses; no differential
group losses.

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.
Y ear study began: 1962.
Location: Sweden.

FT versus PL
(NaF group = 1000 ppm F).

3yDFS increment -

ci(CA)(E).

Reported at 1 and 3 years
School use/super\'ised, daily, follow ups (and 2 years
Ig applied for 2 min
post-treatment).
(non-fluoride toothpaste
prov ided to all for home use). DFT.
0-D FS.
Abrasive system:
MD-DFS.
methacrylate polymer
BL-DFS.
(acrylic).
Armual CAR.
Secondary caries.

45
eruption included = E/U.
Radiographic assessment
(postBW) by two examiners
(independently); diagnostic
threshold = ER.
Reversals w ere small in both
groups and equally common.
Results of one exam iner
chosen (findings consistent
throughout).
**Rinsing w ith 500 ppm AI
solutions performed daily at
school in both rele\ ant
groups compared
Participants randomized (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-exam iner
reproducibilit) checks for
DFS in 10% sample (icc over
0.98); reversals very small in
both groups and equally
common.
*** Allocation concealment
considered adequate by
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consensus.
Koch 1967a

K och 1967h

Review Manager 4.2.2

Stratified random
allocation***; double-blind
(A); placebo-controlled; 18%
drop out after 3 years (study
duration = 3 years + 2 years
post-interv'ention period).
N atural losses; no differential
group losses.

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.

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.

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.
Y ear study began: 1963.
Location: Sweden.

FT versus PL
(NaF group = 1000 ppm F).

3yDFS increment cl(CA)(E).
Reported at 1 and 3 years
follow ups (and 2 years
post-treatment).

School use/super\ ised, daily,
Ig applied for 2 min
(non-fluoride toothpaste
provided to all for home use). DFT.
0-D FS.
Abrasive s} stem:
MD-DFS.
methacrylate poljm er
BL-DFS.
(acrylic).
Annual CAR.
Secondary caries.

FT versus PL
(NaF group = 1000 ppm F).
Home use/unsupervised,
twice a day instructed
frequency' but daily frequency
assumed, for 2 min.
Abrasive sy stem:
methacrylate polymer
(acrylic).

2yDFS increment cl(CA)(E).
Reported at 2 years follow
up.
DFT.
O-DFS.
MD-DFS.
BL-DFS.
Annual CAR.
Secondary caries.

Participants randomized (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-exam iner
reproducibility checks for
DFS in 10% sample (icc over
0.98); reversals v ery small in
both groups and equally
common.
*** Allocation concealment
considered adequate by
consensus.
Participants randomized (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.
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*** Allocation concealment
considered adequate by
consensus.
Koch 1967c

L ind 1974

Review Manager 4.2.2

Stratified random
allocation***; double-blind
(A); placebo-controlled; 19%
drop out after 3 years (study
duration = 3 years). Natural
losses; no differential group
losses.

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.
Y ear study began: 1962.
Location: Sweden.

Stratified random allocation;
double-blind (A);
placebo-controlled; 17% drop
out rate after 3 years (study
duration = 3 years). M ain
reasons for drop out: moved
away, sickness; exclusions
based on presence in one
interim examination; no
differential group losses.

1167 children analysed at 3
years (available at
interm ediate and final
examination).
Age range at start: 7-12 years
(average = 10).
Surfaces affected at start: 5.1
DMFS.
Background exposure to
fluoride: water.
Y ear study began: 1970.
Location: Denmark.

FT versus PL
(NaF group = 1000 ppm F).

3yDFS increment cl(CA)(E).
Reported at 1 and 3 years
follow ups.

School clinic/supen ised, 3
times a year, Ig applied for 2
DFT.
m in (no provision of any
toothpaste reported for home Annual CAR.
Secondary caries.
use).
Abrasive sj stem:
methacrylate poljm er
(acrylic).

FT versus PL
(SMFP group = 2400 ppm

F).
Home use/unsuper\'ised,
daily ffequenc) assumed.
Abrasive sj'stem: A1 oxide
trihydrate.

3yNetDMFS increment (E+U)(CA)cl+(DR)xr.
Reported at 1,2, and 3 years
follow ups.
DMFT.
ECSl.

Participants randomized (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.

A

Participants randomized (N =
1407).
Baseline characteristics (age,
DMFS, DMFT) "balanced'.
Clinical (VT) caries
assessment by tw o
examiners; diagnostic
threshold = CA/NCA;
radiographic assessment (2
postBW) by two examiners;
diagnostic threshold =
ER/DR; state o f tooth
eruption included = E/U.
Inter-exam iner diagnostic
error reported to have no
effect on results; reversal
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rates small and sim ilar in
both groups.
M ainw aring 1978

M ainw aring 1983

Review Manager 4.2.2

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.

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.

1107 children analysed at 3
years (av ailable 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/befbre
1974.
Location: UK.

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.
Y ear study began: in/befbre
1978.

FT (2 groups) versus PL
(both SMFP groups = 1000
ppm F).

3yNetDFS increm ent (E)(CA)cl+(ER)xr.
Reported at 3 years follow
up.

Home use/unsupen ised, for 1
min, daily frequenc>'
PF-DFS .
assumed.
postMD-DFS.
Abrasive system: Ca
CIR.
carbonate in all toothpastes.

FT (2 groups)** versus PL
(SMFP group = 1000 ppm F,
SMFP-NaF group = 1000
ppm F).

4yNetDFS increm ent (CA)cl+(ER)xr.
Reported at 4 years follow
up.

Home use/imsupervised,
daily frequenc) assumed.
A brasi\e system: Ca
carbonate in all toothpastes.

O-DFS.
MD-DFS.
postMD-DFS.
MD-BL-DFS.

Participants randomized
(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-exam iner
reproducibilit) checks for
DFS in 10% sample (icc for
VT/XR over 0.95); error
variance less than 5% of
total variance; re\ ersal rate
less than 5% o f obsen ed
DFS increm ent in all groups.
Participants randomized
(numbers for relev ant groups
NR).
Baseline characteristics (age.
SAR, DFS, FS) balanced'.
Clinical (VT) caries
assessment (FOTI used) by
one examiner; diagnostic
tlireshold = CA; state of tooth
eruption included NR.
Radiographic assessment (2
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Location: UK.

M arthaler 1965

M arthaler 1965a

Review Manager 4.2.2

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 \ ariation
in toothpaste provision and
presence in follow up
examinations; any
differential group losses not
assessable.

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.

Random allocation;
double-blind (A);
placebo-controlled; 66% drop
out (for all study groups
combined) after 3 years
(study duration = 3 years).

74 children analysed at 3
years (present for all
examinations).
Age range at start: 11-14
years (average = 13).
Surfaces affected at start:

postBW) by one examiner;
diagnostic threshold = ER.
Intra-exam iner
reproducibilit}' 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).
FT versus PL
(AmF group = 1250 ppm F).
Home use/unsuperv'ised,
daily ffequenc) assumed.
A brasi\e system: IMP.

FT versus PL
(AmF group = 1250 ppm F).
Home use/unsupervised,
daily frequency assumed.
Abrasive s}stem: IMP.

3yNetDFS increm ent (CA)cI+(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.

3yNetDFS increm ent (CA)cl+(DR)xr.
Reported at 3 years follow
up.
postMD-DFS.

Participants randomized
(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 o f tooth
eruption included NR.
Radiographic assessment (2
postBW) by one examiner;
diagnostic threshold = DR
and ER; partial recording.
Diagnostic errors NR.
Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age,
DMFS, DM FT) "balanced"
(DFS baseline data NR).
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M arthaler 1970

M arthaler 1970a

Review Manager 4.2.2

M ain reason for high drop
out: children leaving public
school on completion o f last
compulsory year; exclusions
based on variation in
toothpaste provision and
presence in follow up
examinations; any
differential group losses not
assessable.

18.9 DMFS.
Background exposure to
fluoride: salt (suboptimal).
Year study began: 1958.
Location: Switzerland.

Random allocation;
indication o f 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 o f
orthodontic bands and
presence in all follow up
examinations; any
differential group losses not
assessable.

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).
Y ear study began: 1966.
Location: Switzerland.

Random allocation;
indication o f blind caries
assessment (C);
placebo-controlled; 30% drop

43 children analysed at 4*
years (present for all
examinations).
Age range at start: 7-9 years

antMD-DFS.
BL-DFS.
O-DFS.
DMFT.
FT.
FS.
MT.

FT versus PL
(AmF group = 1250 ppm F).
Home use/unsupenised,
tAvice/three times a day/680
times a year estimated.
A brashe s\stem : IMP.

FT versus PL
(AmF group = 1250 ppm F).
Home use/unsupenised,

3yNetDFS increment (CA)cl+(DR)xr.
Reported at 1 and 3 years
follow' ups.
IstmPF-DFS.
IstmMD-DFS.

2y*NetDFS increment (CA)cl+(DR)xr.
Reported at 2 and 4 years
follow ups.

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.
Participants randomized
(numbers for rele\ ant groups
NR).
Baseline characteristics (age,
DMFS, IstmDM FS)
'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
tw o examiners; diagnostic
threshold = DR and ER;
partial recording. "Suflicient
agreement of the two
examiners known from
earlier work".
Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age.

B
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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.

Marthaler 1974

Review Manager 4,2.2

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.

(average = 8).
Surfaces affected at start: 2.3
DMFS.
Background exposure to
fluoride: salt (suboptimal).
Y ear study began: 1966.
Location: Switzerland.

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).
Y ear study began: 1966.
Location: Switzerland.

twice/three times a day/800
times a year estimated.
Abrasive s>stem: IMP.

FT versus PL
(AmF group = 1250 ppm F).
Home use/unsupenised,
daily ffequenc) assumed.
Abrasive s}stem: IMP.

IstmPF-DFS.
IstmMD-DFS.

6y*NetDFS increment (E)
(CA)cl+(DR)xr.
Reported at 2 and 6 years
follow ups.
PF-DFS.
postMD-DFS.
antMD-B-DFS.
DFT.
Proportion o f children w ith
new DFS.

DMFS, IstmDM FS)
"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).
Participants randomized (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 o f tooth eruption
included = E. Radiographic
assessment (2 postBW) by
two examiners; diagnostic
threshold = DR and ER;
partial recording. "Sufficient
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agreement of exam iners
known from earlier work".
*Results at 6 years follow up
chosen (reported for all
outcomes).
M ergele 1968

M uhler 1955

Review Manager 4.2.2

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.

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.

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.
Y ear study began: in/befbre
1964.
Location: USA.

444 children analysed at 1
year (available at final
examination).
Age range al start: 6-16
years. Surfaces affected at
start: 9.3 DMFS.
Background exposure to
fluoride: data not available
for fluoridation status of site.
Y ear study began: in/befbre
1954.

FT** versus 'PL'
(SnF2 group = 1000 ppm F).
Home use/unsuperv’ised,
daily frequenc) assumed.
Abrasive s> stem: Ca
pyrophosphate in fluoride
toothpaste, IMP in control
toothpaste.

FT** versus PL
(SnF2 group = 1000 ppm F).

3yNetDMFS increm ent - cl.
Reported at 3 years follow
up.
DMFT.

lyDM FS increment - cl+xr.
Reported at 6 m and 1 year
follow ups.

Home usc/imsiipcrv iscd,
daily ffequenc) assumed.
DMFT.
Abrasive system: heat-treated
Ca orthophosphate.

Participants randomized
(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/SM FP toothpaste
groups not considered
(additional non-F acti\ e
agent used in this group
only).
Participants randomized (N =
568).
Baseline characteristics
(DMFS) 'balanced'.
Clinical (VT) caries
assessment by one examiner,
diagnostic threshold = NR.
Radiographic assessment b)
one examiner; diagnostic
threshold = NR. State of
tooth eruption included =

B
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Location: USA.

M uhler 1970

M urray 1980

Review Manager 4.2.2

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.

Stratified random allocation;
double-blind (A);
placebo-controlled; 23% drop
out after 3 years (study
duration = 3 years). Natural

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/befbre
1967.
Location: USA.

1106 children analysed at 3
years (present for all
examinations),
Age range at start: 11-13
years (average = 11.9).

NR. Criteria for caries
diagnosis reported to ha\ e
been carefully standardised,
diagnostic errors NR.
**NaF-heat treated Ca
orthophosphate toothpaste
group not considered
(abrasi\ e s)stem know n to be
incompatible w ith NaF).
FT** versus PL
(SnF2 group = 1000 ppm F).
Home use/unsuper\ised,
daily ffequenc) assumed.
Abrasive s) stem. Ca
pyrophosphate.

FT (2 groups) versus PL
(both SMFP groups = 1000
ppm F).
Home use/unsuper\ised,

lyDM FS increm ent - cl+xr.
Reported at 6 m and 1 year
follow ups.
DMFT.

3yNetDMFS increment - cl+
xr.
Reported at 3 years follow
up.

Participants randomized (N =
510).
Baseline characteristics (age,
gender, DMFS) w ith 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/SM FP toothpaste
group not considered
(additional non-F active
agent used in this group
only).
Participants randomized (N =
1431).
Baseline characteristics (age,
DMFS, TAR) 'balanced'.
Clinical (VT) caries
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losses; exclusions based on
presence in all follow up
exam inations; no differential
group losses.

Naylor 1967

Review Manager 4.2.2

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.

Surfaces affected at start; 9.9
DMFS.
Background exposure to
fluoride: data not available
for fluoridation status of site.
Y ear study began: 1974.
Location: UK.

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.

daily frequency assumed.
Abrasive system: Al oxide
trihydrate (low and normal
abrashity).

FT** versus PL
(SnF2 group = 1000 ppm F).
Home use/unsuperv’ised,
daily frequency assumed.
Abrasit e system: IMP (main
abrasive) in fluoride
toothpaste, dicalcium
phosphate (dihydrate) in
placebo toothpaste.

DMFS (U).

3ycrudeDFS increm ent (E+U) (CA)cl+(ER)xr.
Reported at 3 years follow
up.
DMFT.
DMFS.
postMD-DFS.
IstmoMD-DFS.
Proportion of children with
tooth staining.

assessment by two
examiners; diagnostic
threshold = NR; radiographic
assessment (2 postBW) by
two examiners; diagnostic
threshold = NR; state of tooth
eruption included = E/U.
Reproducibilit) ratios were
less than 0.23 for
intra-exam iner
reproducibility for clinical
caries diagnosis and less than
0.16 for radiographic caries
diagnosis; inter-exam iner
reproducibility ratios w as
0.26 and 0.1 respectively.
Participants random ized
(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 o f tooth eruption
included = E/U.
Radiographic assessment (2
postBW ) by one examiner;
diagnostic threshold = ER.
Reversal rate less than 4% of
observed DFS increm ent in
all groups. High accuracy of
diagnosis revealed by 10%
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sample checks (clinically and
radiographically).
**Na N-lauroyl
sarcosinate/SM FP toothpaste
group not considered
(additional non-F active
agent used in this group
only).
Naylor 1979

Peterson 1967

Review Manager 4.2.2

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.

Stratified random allocation;

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.

954 children analysed at 2

FT** versus PL
(SMFP group = 1000 ppm
F).
Home use/unsuperv'ised,
daily ffequenc) assumed.
Abrasive S )S te m : Ca
carbonate.

FT (2 groups) versus "PL"

3yDFS increment - (E)
(CA)cl+(ER)xr.
Reported at 3 >ears follow
up.
DFT.
D FT(U ).
0-BL-DFS.
MD-DFS.
CIR.

2y*DMFS increment - cl+xr.

Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age,
SAR, TAR, DFS, DFT)
"balanced".
Clinical (VT) caries
assessment (FOTI used) by
t\\o exam iners
(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 exam iner chosen
(findings consistent
th ro u g h o u t).
**Ca
glycerophosphate/SM FP
toothpaste group not
considered (additional non-F
acti\ e agent used in this
group only).
Participants randomized (N =
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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.

Peterson 1979

Powell 1981

Review Manager 4.2.2

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/befbre
1964.
Location: USA.

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
exam inations; any
differential group losses not
assessable.

712 children analysed at 2.5
years (present for all
examinations).
Age range at start: 8-12 years
(average = 1 0 ).
Surfaces affected at start: 2.9
DFS.
Background exposure to
fluoride: water.
Year study began: 1971.
Location: USA.

Stratified random allocation;
double-blind (A);
placebo-controlled; drop out

125 children analysed at 4
years (subjects who
developed caries).

(SnF2 group = 1000 ppm F,
APF group = 1000 ppm F).

Reported at L 2 and 3 years
follow ups.

Home use/unsuper\ised,
daily frequency assumed.
Abrasive system: Ca
p)Tophosphate in SnF2
toothpaste, IMP in APF
tootlipaste, control toothpaste
abrasive NR.

DMFT.
0-D M FS.
BL-DMFS.
MD-DMFS.

FT (2 groups) versus PL
(both SMFP groups = 1000
ppm F).

2.5yDFS increment - cl+xr.
Reported at 2.5 years follow
up.

School use/supea ised, daily,
(appropriate toothpastes also
provided for home use).
Abrasive s>stem: Ca
carbonate in one toothpaste
and in placebo toothpaste,
IMP in the other SMFP
toothpaste.

DMFT.
MD-DFS.

FT (pp/Plsol) versus
PL(pp/Plsol)** (SnF2 group
= 1000 ppm F).

Caries increm ent data NR
(not obtainable).

1136); numbers by group
NR.
Baseline characteristics
(DMFS, DMFT, dental age)
balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold NR;
state of tootli 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).
Participants randomized (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.

B

Participants randomized
(numbers NR).
Baseline characteristics (age,

B
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rate NR nor obtainable (study
duration = 4 years). Reasons
for attrition NR; any
differential group losses not
assessable.

Ran 1991

Reed 1973

Review Manager 4.2.2

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 o f exclusions NR;
any differential group losses
not assessable.

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.

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.

Home use/unsuperv ised,
daily ffequenc)' assumed.
Abrasive s)stem: Ca
pyTophosphate.

FT versus PL
(AmF group = 1250 ppm F).
School use/super\ ised,
fortnightly/20 times a year,
Ig applied for 4 minutes, no
post-brushing rinse done (no
pro\’ision o f any toothpaste
reported for home use).
Abrasive system: NR.

Stratified random allocation; 1525 children analysed at 2
FT (3 groups) v ersus PL
(NaF groups = 1000 ppm F,
double-blind (A);
years (available at final
500 ppm F, 250 ppm F).
placebo-controlled; 28% drop examination),
out after 2 years (study
Age range at start: 6-13 years

Progression rate of initial
carious lesions in MD
surfaces of permanent
posterior teeth at annual
intervals (for 4 years).

gender, DMFS) "balanced".
Radiographic (post BW)
enamel caries progression
assessment by one examiner;
state o f tooth eruption
included = E.
High reproducibility of
radiographic diagnosis
(icc = 0.91).
♦♦Prior prophylaxis with la \a
pumice followed by
professional application of
placebo solution performed
e\ ery six months for 2 years
in both rele\ ant groups
compared.

1.5yNetDMFS increm ent (CA).
Reported at 0.5 and 1.5 years
follow ups (and 0.5 year
post-treatment).

Participants randomized
(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
cniplion included NR.
Intra-exam iner
reproducibility checks for
DMFS (icc reaching 0.97).

2yDMFS increment - cl+xr.
Reported at 1 and 2 years
follow ups.

Participants randomized (N =
2104).
Baseline characteristics (age,
gender, DMFS, DMFT)

B
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Reed 1975

Ringelberg 1979

Review Manager 4.2.2
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duration = 2 years). Reasons (average = 9).
for attrition not described; no Surfaces affected at start; 3.3
DMFS.
differential group losses.
Background exposure to
fluoride: none reported.
Year study began: in/befbre
1970.
Location: USA.

Home use/unsupervised,
daily frequenc) assumed.
Abrasive s>stem: Ca
p>Tophosphate.

DMFT.

'b a lan c ed '.
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.

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.

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/befbre
1968.
Location: USA.

FT versus PL
(NaF group = 1000 ppm F).

2yDMFS increment - cl+xr.
Reported at 1 and 2 years
follow ups.

Participants randomized (N =
567).
Baseline characteristics (age,
gender, DMFS, DMFT) with
some imbalance.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold NR;
state o f tooth eruption
included NR. Radiographic
assessment (up to 7 BW) by
one exam iner; diagnostic
threshold NR. Diagnostic
errors NR.

B

Stratified random allocation;
double-blind (A);
placebo-controlled; 37% drop
out afier 2.5 years (study
duration = 2.5 years).
Reasons for attrition not
described; no differential
group losses.

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.

Participants randomized (N =
888 ).
Baseline characteristics
(DMFS, DMFT) "balanced".
Clinical (VT) caries
assessment by two
exam iners, diagnostic
threshold = CA.
Radiographic assessment (5
BW) by two examiners;

B

Home use/unsupen ised,
daily frequenc)' assumed.
Abrash e s> stem: Ca
pyrophosphate.

DMFT.

FT (2 groups) \ ersus PL(2
groups) (AmF group = 1250
ppm F, SnF2 group = 1000
ppm F).

2.5yNetDMFS increm ent (CA)cl + (DR)xr.
Reported at 2.5 years follow
up.

Home use/unsupen ised,
daily frequency assumed.
Abrasive ^ ste m : Ca
p)Tophosphate in SnF2
toothpaste and its placebo.

DMFT.
Stain score.
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Location: USA.

Rule 1984

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.

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.
Y ear study began: 1977.
Location: USA.

NR for AmF and its placebo.

FT versus PL
(SMFP group = 1000 ppm

F).
School use/super\ ised, daily,
for 1 min (appropriate
toothpastes also prov ided for
home use).
Abrasive s}stem: silica
zerogel.

diagnostic threshold = DR.
State of tooth eruption
included NR. Reversal rate
between 4 and 9% of
observed caries increment in
the groups.
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.

Segal 1967

Review Manager 4.2.2

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.

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/befbre
1964.
Location: USA.

FT versus PL
(SnF2 group = 1000 ppm F).
School usc/supcfN iscd, daily,
(appropriate toothpastes also
provided for home use).
Abrasive s>stem: IMP
(mainly).

2yDFS increment (CA)cl+xr.
Reported at 1 and 2 years
follow ups.
DFS (U).

Participants randomized (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.
Reproducibilit)' checks done
in 10% sample clinically and
radiographically.

B

Participants randomized (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.

B
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State of tooth eruption
included E/U. Inter- and
intra-exam iner
reproducibilit}' checks done.

S lack 1964

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 dififereiitial
group losses.

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.

FT versus PL
(SnF2 group = 1000 ppm F).

Caries increment data NR
(not obtainable).

Home use/unsuper\ ised, 3
times/day instructed but daily
frequenc}' assumed.
Abrasi\ e s> stem: IMP in
fluoride toothpaste, dicalcium
phosphate (dilndrate) in
placebo toothpaste.

Proportion of carious
teeth/surfaces (by tooth t>pe)
reported at 1 and 2 years
follow ups.
Proportion of caries-free
teeth/surfaces (by tooth t>’pe)
which dev eloped caries after
each year.

Participants random ized (N
= 1059).
Baseline characteristics
•balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state of tooth eruption
included NR. Diagnostic
errors NR.

B

Participants random ized (N =

B

Proportion of children with
tooth staining.
S lack 196X

Review Manager 4.2.2

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 o f teeth, on
parents request; exclusions
based on presence in all
follow up examinations; no
difterential group losses.

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.
Y ear study began: 1963.
Location: UK.

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupen ised,
daily frequency assumed.
Abrasive s}stem: IMP
(dicalcium phosphate
(dihydrate) in placebo
toothpaste also).

3}'NetDFS increment (E)(CA)cl.
Reported at 3 years follow
up.
DFT.
DMFS.
D M FT.

postMD-DFS.
Proportion of children w ith
tooth staining.

886 ).
Baseline characteristics (age,
dental age, DFS, DFT,
DMFS, DMFT, TAR)
•balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state o f tooth eruption
included = E/U.
Radiographic assessment (2
postBW ) by one exam iner;
diagnostic threshold = ER.
Consistenc}' of clinical
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diagnosis maintained by
rc-c.\aiuiiuition of 10%
sample and calibration
checks made against resen e
examiner.

Slack 1967a

Slack 1971

Review Manager 4.2.2

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 o f teeth, on
parents request; exclusions
based on presence in all
follow up examinations; no
differential group losses.

Random allocation;
double-blind ('A');
placebo-controlled; 33% drop
out rate after 3 years (study
duration = 3 years). M ain
reasons for drop out: moved
away, left school, away on
exam ination day, disliked
toothpaste taste, brown

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.

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.
Y ear study began: 1965.

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupen ised,
daily frequenc) assumed.
Abrasive s>stem: dicalcium
pyrophosphate.

3yDFS increment - (E)
(CA)cl.
Reported at 3 years follow
up.
DFT.
DMFS.
DMFT.
postMD-DFS.
Proportion of children w ith
tooth staining.

FT (3 groups) \ ersus 'PL'
(Both SnF2 groups = 1000
ppm F, APF group = 1000
ppm F).
Home use/unsupen ised,
daily frequency assumed.
Abrasive system: IMP in one
SnF2 toothpaste and in APF

3yCrudeDMFS increment
(CA)cl+(ER)xr.
Reported at 3 years follow
up.

Participants randomized (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 reser\ e
examiner.
Participants randomized (N =
1665).
Baseline characteristics (age,
gender, DMFS, pre\ious F
toothpaste use) 'balanced'.
Clinical (VT) caries
assessment by one examiner;
diagnostic threshold = CA;
state o f tooth eruption

B

B
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staining o f teeth; no
differential group losses.

Location: UK.

included = NR. Radiographic
assessment (2 postBW ) by
one examiner; diagnostic
threshold = ER. Consistency
of clinical diagnosis revealed
by 10% sample checks at
each examination.

to o th p a ste , d ic a lc iu m
P )T o p h o sp h a te in a n o th er

SnF2 to oth p aste; c o n tro l
NR.

to o th p a ste ab rasive

Thomas 1966

Torell 1965

Review Manager 4.2.2

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.

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.
Y ear study began: 1961.
Location: USA.

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.

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 randomized).
Background exposure to
fluoride: none reported.
Year study began: 1962.
Location: Sweden.

62

FT (2 groups) versus PL
(Both SnF2 groups = 1000
ppm F).

2yDFS increm ent - cl+xr.
Reported at 6m, 1, 1.5 and 2
years follow ups.

Institution use/supervised,
twice a day.
Abrasi\ e ^ stem: IMP in one
SnF2 and placebo toothpaste,
Ca p>Tophosphate in another
SnF2 toothpaste.

DFT.

FT (2 groups) versus PL(2
groups) (SnF2 group = 1000
ppm F, NaF group = 1100
ppm F).

2yDMFS increment - (CA)cl. Participants randomized (N =
766).
Reported at 1 and 2 years
Baseline characteristics
follow ups.
(DMFS, MD-DMFS)
•balanced'.
MD-DMFS.
Clinical (VT) caries
FS.
assessment by two
examiners, diagnostic
Proportion o f children with
threshold = CA; radiographic
new carious lesions (U)xr.
assessment (BW) by two
examiners; diagnostic
threshold = DR. State o f
tooth eruption included NR.

Home use/unsupen ised,
twice a day instructed but
daily frequency assumed,
post-brushing water rinse
instructed.
Abrasive system: Ca
pyrophosphate in SnF2
toothpaste and its placebo.

Participants randomized (N =
679).
Baseline characteristics
(DFS, DFT, TAR) 'balanced'.

A

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.
B
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Na bicarbonate in NaF
toothpaste and its placebo.

Torell 1965a

Torell 1965b

Review Manager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; 20% drop
out rate after 2 years (study
duration = 2 years). Natural
losses mainly; differential
group losses.

Random allocation;
double-blind (A);
placebo-controlled; 15% drop
out rate after 2 years (study
duration = 2 years). Natural
losses mainly; differential

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 randomized).
Background exposure to
fluoride: none reported.
Year study began: 1962.
Location: Sweden.

368 children analysed at 2
years (available at final
examination).
Average age at start: 11
years. Surfaces affected at
start: 15 DMFS (from sample

FT versus PL
(SMFP group = 1000 ppm

F).
Home use/imsuper\ised,
twice a day instructed but
daily frequenc) assumed,
post-brushing water rinse
instructed.
Abrasive system: Ca
carbonate.

FT versus PL
(SMFP group = 1000 ppm

F).
Home use/unsupervised,
tAvice a day instructed but

Inter- and intra-exam iner
reproducibilit) 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.
2yDMFS increment - (CA)cl. Participants randomized (N =
357).
Reported at 2 years follow
Baseline characteristics
up.
(DMFS, MD-DMFS)
'balanced'.
MD-DMFS.
Clinical (VT) caries
FS.
assessment by one examiner,
diagnostic threshold = CA;
radiographic assessment
(BW) by two examiners;
diagnostic threshold = DR.
State o f tooth eruption
included NR. Intra-exam iner
reproducibilit) check done
for clinical caries in a
sample; duplicate
exam ination of x-rays records
done and any discrepancies
discussed before final
diagnosis.
2yDMFS increment - (CA)cl. Participants random ized (N =
432).
Reported at 2 years follow
Baseline characteristics
up.
(DMFS, MD-DMFS)
'balanced'.
MD-DMFS.
Clinical (VT) caries

B

B
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group losses.

Weisenstein 1972

Z acher] 1970

Review Manager 4.2,2

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 o f
residence, absent on
exam ination day; no
differential group losses.

Stratified random allocation;
double-blind (A);
placebo-controlled; 43% drop
out after 2.5 years (study

randomized).
Background exposure to
fluoride; none reported.
Year study began: 1962.
Location: Sweden.

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/befbre
1969.
Location: USA.

512 children analysed at 2.5
years (available at final
examination),
Age range at start: 6-9 years.

daily frequency assumed,
post-brushing water rinse
instructed.
Abrasive system: Ca
carbonate.

FT versus PL
(NaF group = 1000 ppm F).
Home use/unsupen ised,
daily frequency assumed.
Abrasive system: Ca
pjTophosphate.

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupenised.

FS.

64
assessment by one examiner.
diagnostic threshold = CA;
radiographic assessment
(BW) by two examiners;
diagnostic threshold = DR.
State of tooth eruption
included NR. Intra-exam iner
reproducibilit)' check done
for clinical caries in a
sample; duplicate
exam ination of x-rays records
done and any discrepancies
discussed before final
diagnosis.

1.8yDMFS increment - cl+xr. Participants randomized (N =
Reported at 9 m, 1.4 and 1.8 694).
)ears follow ups.
Baseline characteristics (age,
gender, DMFS, DMFT)
DMFT.
'balanced'.
Clinical (VT) caries
assessment by two
examiners, diagnostic
threshold = NR.
Radiographic assessment (7
BW) by two examiners;
diagnostic threshold = NR.
State o f tooth eruption
included = NR Diagnostic
errors NR. Results o f one
exam iner chosen.

B

2.5yDMFS increm ent - cl+xr. Participants randomized (N =
Reported at 10 m, 1.5 and 2,5 902).
years follow ups.
Baseline characteristics
(dental age, gender, DMFS,

C
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Zacherl 1970a

Zacherl 1972

Review Manager 4.2.2

duration = 2.5 years).
Reasons for high drop out
NR; no differential group
losses.

Surfaces affected at start: 4.6
DMFS.
Background exposure to
fluoride: none reported.
Y ear study began: in/befbre
1963.
Location: USA.

daily ffequenc)' assumed.
Abrasive s>stem: Ca
P)Tophosphate.

DMFT.

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.

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/befbre
1963.
Location: USA.

FT versus PL
(SnF2 group = 1000 ppm F).

2.5) DMFS increment - cl+xr. Participants randomized (N =
Reported at 10 m, 1.5 and 2.5 811).
years follow ups.
Baseline characteristics
(dental age, gender, DMFS,
DMFT.
DMFT, oral hygiene)
"balanced'.
Clinical (VT) caries
assessment by one examiner,
diagnostic tlireshold = NR.
Radiographic assessment
(5-10 BW) by one examiner;
diagnostic threshold = NR.
State of tooth eruption
included = NR. D iagnostic
errors NR.

C

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.

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

2yDMFS increment - cl+xr.
Reported at 1 and 2 years
follow ups.

B

Home use/unsuper\'ised,
daily ffequenc) assumed.
Abrasive s)stem: Ca
P)Tophosphate.

FT versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupervised,
daily frequency assumed.
Abrasive system: Ca
pyrophosphate in SnF2
toothpaste, placebo

DMFT.

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.

Participants randomized (N =
677).
Baseline characteristics (age,
gender, DMFS, DMFT)
'balanced'.
Clinical (VT) caries
assessment by one examiner,
diagnostic threshold = NR.
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Z ach erl 1972a

Z ach erl 1973

Review Manager 4.2,2

fluoride: none reported.
Year study began: in/befbre
1969.
Location: Canada.

toothpaste abrasive NR.

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.

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/befbre
1969.
Location: Canada.

FT (4 groups) \ ersus PL
(SnF2 group, NaF group,
SMFP group, APF group =
1000 ppm F each).

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.

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/befbre
1970.
Location: USA.

Radiographic assessment
(5-10 BW) by one examiner;
diagnostic threshold = NR.
State of tooth eruption
included = NR. Diagnostic
errors NR.
1.7yDMFS increm ent - cl+xr.
Reported at 1and 1.7 years
follow ups.
DMFT.

Home use/unsupenised,
daily ffequenc) assumed.
Abrasive S)Stem: Ca
pyrophosphate in all
toothpastes.

FT** versus PL
(SnF2 group = 1000 ppm F).
Home use/unsupen ised,
daily frequency assumed.
Abrasive system: Ca
pyrophosphate in SnF2
toothpaste, placebo
toothpaste abrasive NR.

66

2yDMFS increm ent - cl+xr.
Reported at 1 and 2 years
follow ups.
DMFT.

Participants randomized (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.

B

Participants randomized (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

B
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sarcosinate/SMFP toothpaste
group not considered
(additional non-F active
agent used in this group
only).

Zacherl 1981

Stratified random allocation;
double-blind (A);
placebo-controlled; 43% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition described;
change o f residence, absent
on exam ination day, poor
qualit) o f x-rays; no
differential group losses.

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.
Year study began: in/befbre
1977.
Location: USA.

FT (2 groups) versus PL
(SnF2 group = 1000 ppm F,
NaF group = 1100 ppm F).
Home use/unsupen ised,
daily frequency assumed.
Abrasive sy stem: Ca
pyTophosphate in SnF2 and
placebo toothpastes, silica in
NaF toothpaste.

3yDMFS increment (CA)cl+(ER)xr.
Reported at 1, 2 and 3 years
follow ups.
DMFT.

Participants randomized (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-exam iner
reproducibility checks for
incremental clinical and
radiographic caries data in
10% sample (icc score 0.9).
Rev ersal rate \ eiy low and
sim ilar am ong groups.

B

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 o f 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 cn>ailable).
Istm = first permanent molar; 'A ' = classified as double-blind but participants may not be blind
(as a 'PL' was used); A l = aluminium; Alumina = A l oxide trihydrate (A1203); AmF = amine
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fluoride; APF = acidulated phosphate fluoiide; Ca = calcium; Ca carbonate = CaCOS; CA =
lesions showing loss o f enamel continuity that can he recorded clinically (undermined enamel,
softenedfloor Avails) or showingfrank 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 ) andfilled 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 = NaHCOS; NCA =
non-cavitated enamel lesions visible as white spots or discolouredfissures; NR = not reported;
NS = not significant; O = occlusal surfaces; PF = pit andfissure 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 B W = posterior bite-wing x-ray assessment; ppm F = parts per
million o f fluoride; ptc = prior tooth-cleaning performed with or without a non-fluoride paste;
Silica = silicon dioxide (Si02; 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
Study ID

Reason for exclusion

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 randomized to one of the two
interventions compared.

Kunzel 1977

Additional fluoride-based intervention associated to fluoride
toothpaste.

LehnhofT 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
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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.

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.

Pefiley 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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1960;39:871-4.

Piccione 1979

(unpublished data sought but not used}

Piccione N. Studio clinico controllato sull'attivita carioprofilattica di una nuova pasta dentifricia
bifluorurata (monofluorofosfato di sodio + fluoruro di sodio) [Controlled clinical study of the caries
prophylactic activity of a new bifluoride toothpaste (sodium monofluorophosphate + sodium
fluoride)]. Minerva Stomatologica 1979;28:325-7.
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Riethe 1975

{unpublished data sought but not used}
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Deutsche Zahnarztliche Zeitschrift 1975;30:513-7.
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laigen, unuberwachten Gebrauches [On the effect of a sodium
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01 caries in children during a 2-year long unsupervised use]. DDZ (Deutsche Zahnarzteblatt )
1968;22:455-60.

Kinkel 1974

(published data only}

* Kinkel HJ, Stolte G, Weststrate J. Etude de I'efficacite d'une pate dentifrice au fluorophosphate
su* la denture des enfants [The effectiveness of a fluorophosphate toothpaste on children's teeth].
SSO Schweizerische Monatsschrift Fuer Zahnheilkunde 1974;84:577-89.
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Wilson CJ, Triol CW, Volpe AR. The clinical anticaries effect of a fluoride dentifrice and
mouthrinse [abstract]. Journal of Dental Research 1978;57(IADR Abstr. No 808):276.
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Table of comparisons
01 Fluoride Toothpaste versus Placebo
01 D(M)FS increment (prevented fraction) - nearest to 3 years (70 trials)
02 D(M)FT increment (prevented fraction) - nearest to 3 years (53 trials)
03 D(M)FS increment (SMD) - nearest to 3 years (70 trials)
04 D(M)FT increment (SMD) - nearest to 3 years (53 trials)
05 Developing one or more new caries (6 trials)
06 Acquiring extrinsic tooth staining (5 trials)
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Other data tables
01 Fluoride Toothpaste versus Placebo
01 D(M)FS increment (prevented fraction) - nearest to 3 years (70 trials)
Study ID

P rev en ted fractio n

9 5 % c.i.

Abrams 1980

12%

(4% to 21%)

Andlaw 1975

21%

(12% to 30%)

Ashley 1977

21%

(9% to 33%)

Blinkhom 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%)

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%)
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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%)

Lind 1974

32%

(23% to 40%)

Mainvvaring 1978

16%

(7% to 25%)

Maimvaring 1983

19%

(10% to 29%)

M arthaler 1965

31%

(20% to 42%)

M arthaler 1965a

26%

(5% to 47% )

M arthaler 1970

22%

( - l% to 44%)

M arthaler 1970a

35%

(6% to 64%)

M arthaler 1974

33%

(11% to 55%)

Mergele 1968

13%

(1% to 26%)
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M uhler 1955

36%

(19% to 53%)

M uhler 1970

29%

(14% to 44%)

M urray 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%

( l% to 3 5 % )

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%)

Thomas 1966

30%

(17% to 44%)

Torell 1965

20%

(11% to 29%)

Torell 1965a

6%

(-5% to 18%)

Torell 1965b

15%

(5% to 26%)

W eisenstein 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%)
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I Zacherl 1981

1 32%
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Other data tables
01 Fluoride Toothpaste versus Placebo
02 D(M)FT increment (prevented fraction) - nearest to 3 years (53 trials)
Study ID

P rev en ted fra c tio n

9 5 % c.i.

Abrams 1980

15%

(4% to 26%)

Andlaw 1975

18%

(10% to 26%)

Blinkhom 1983

30%

(18% to 43% )

Bmdevold 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%)

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%)

Review Manager 4.2.2

25/09/2003

F luoride too th p a stes f o r p rev e n tin g den tal ca rie s in children a n d adolescen ts (THESIS CHAPTER 5)
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%)

M arthaler 1965

33%

(20% to 45%)

M arthaler 1965a

16%

(-5% to 37%)

M arthaler 1974

33%

(15% to 52%)

M ergele 1968

6%

(-5% to 18%)

M uhler 1955

34%

(11% to 57%)

M uhler 1970

32%

(16% to 49%)

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%)
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Slack 1967a

4%

(-7% to 14%)

Thomas 1966

31%

(15% to 47%)

W eisenstein 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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Additional tables
01 Meta-analyses of prevented fractions
Analysis

No.
studies

r e. estim ate 9 5 % c. i.

D(M)FS - all studies

70

24%

D(M)FT - all studies

53

23%

Review Manager 4.2.2

M eta-analysis p-val

H eterogeneity test

21% to 28%

p<0.0001

Q= 489.89 (69 d .f); p<0.0001

19% to 28%

p<0.0001

Q= 541.04 (52 d .f); p<0.0001
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Additional tables
02 Random effects meta-regression analyses of prevented fractions: D(M)FS
C h a rac teristic

No.
studies

Slooe
Slope
estim ate

9 5 % c.i.

Slope in te rp reta tio n

p-value

M ean baseline caries

67

0.7%

(0.07% to 1.3%)

Increase in PF per unit increase in mean baseline 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 presence of any background fluoride

0.9

Concentration o f fluoride

69

8.5%

(1.3% to 16%)

Increase in PF per 1000 ppm F

0.02

Frequenc)' o f toothbrushing

69
(excludi
ngO i
Maggio
1980)

9%

(-1.4% to 20%)

Increase in PF mo\ ing from once to twice a da)

0.09

Intensity (freq tim es cone)

68

5.9%

(-0.07% to 12%)

Increase in PF equivalent to doubling from once to t\rice a day and
increasing by 1000 ppmF

0.05

(excludi
ngD i
Maggio
1980)
Mode of use

70

-11%

(-18% to -4%)

Lower PF Avith unsupervised toothbrushing

0.03

Allocation concealment

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 o f follow up

70

0.8%

(-4.2% to 5.7%)

Increase in PF per extra year of follow up

0.8

SMFP vs NaF (indirect comparison)

32

- 2.6%

(-11.8% to 6.5%)

PF lower among SMFP trials

0.6

AmF vs NaF (indirect comparison)

15

3.2%

(-11.0% to 17.3%)

PF higher among AmF trials

0.7

SnF2 vs NaF (indirect comparison)

29

-4.8%

(14.1% to 4.5%)

PF lower among SnF2 trials

0.3
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A dditional figures
Figure 01
Funnel Plot o f D(M)FS SMDs according to standard errors o f the studies included in the
meta-analysis
R ev iew ;
Comparison:

Fluoride t o o th p a s te s tor preven tin g dental c a r ie s in children and a d o le s c e n ts (THESIS CHAPTER 5)
01 Fluoride T o o th p a ste v e r s u s P laceb o

Outcom e:

0 3 D(M)FS increm ent (SMD) - n e a r e s t to 3 y e a r s (7 0 trials)

"

0.1

"

0.2

t
;i

"0

" 0 .4

-4

-2

2

4

S m (fixed)

Review Manager 4.2.2

25/09/2002

Review: Fluoride toothpastes for preventing dental caries in children and adolescents (THESIS CHAPTER 5)
Total n u m b er o f in clu d ed stu d ies: 74

Comparison or outcome

Studies Participants Statistical method

Effect size

01 Fluoride T o o th p a ste v e r su s P la c e b o
01 D (M )FS in crem en t (p reven ted fraction) - n e a r e st to 3 y e a r s (70

O ther data

N o num eric d ata

O ther data

N o n um eric d ata

trials)
02 D(M )FT in crem en t (p rev en ted fraction) - n ea re st to 3 y e a r s (53
trials)
0 3 D (M )F S in crem en t (SM D) - n e a r e st to 3 y e a r s (70 trials)

70

42300

SM D (random ), 95% 01

-0.31 [-0 .3 5 , -0 .2 7 ]

0 4 D (M )FT in crem en t (SM D) - n ea re st to 3 y e a r s (53 trials)

SM D (random ), 95% Cl

-0 .2 8 [-0 .3 3 , -0 .2 3 ]

53

32371

0 5 D ev e lo p in g o n e or m ore n ew ca r ie s (6 trials)

7

2878

RR (random ), 95% 01

0 .9 3 [0 .8 4 , 1.04]

0 6 A cquiring extrin sic tooth stain ing (5 trials)

5

3948

RD (random ), 95% 01

0 .2 4 [0 .1 9 , 0 .3 0 ]

Review.
Companson
Out come

Pluonde t oothpastes for preventing dental c an e s m children and adolescents (THESIS CHAPTER 5)
01 Fluonde Toothpast e versus Placebo
03 D(M)FS increment (SMD) - near est to 3 ye ar s (70 trials»

Study
or sub-category
Abrams 1980
Andlaw 1975
Ashley 1977
Blinkhom 1983
Brudevold 1966
Buhe 1984
Cahen 1982
Di Maggio 1980
Dolles 1980
Fanning 1968
Fogels 1979
Forsman 1974
Forsman 1974a
Gish 1966
Glas s 1978
Gla ss 1983
Hanachowicz 1984
Hargreaves 1973
Hargreaves 1973a
Hargreaves 1973b
Held 1968
Held 1968a
Held 1968b
Hodge 1980
Horowitz 1966
Howat 1978
Jackson 1967
J a m e s 1967
J a m e s 1977
Kinkel 1972
Kleber 1996
Koch 1967
Koch 1967a
Koch 1967b
Koch 1967c
Lind 1974
Mamwarmg 1978
Marthaler 1965
Marthaler 1965a
Marthaler 1970
Marthaler 1970a
Marthaler 1974
Mergele 1968
Muhler 1955
Muhler 1970
Murray 1980
Naylor 1967
Naylor 1979
Pet erson 1967
Peterson 1979
Reed 1973
Re ed 1975
Ringetoerg 1979
Rule 1984
Segal 1967
Slack 1967
Slack 1967 a
Slack 1971
Thomas 1968
Torel 1965
Tore# 1965a
Tore# 1965b
Welsenstem 1972
Zacherl 1970
Zacherl 1970a
Zacherl 1972
Zacherl 1972a
Zacherl 1973
Zacherl 1981
Mamwanng 1983

Fluonde Toothpaste
Mean (SD)

i oA
246

184
155

869
1300
22

24
422
890
414
262
165
178
567
473
163
146

597
329
253
4 38
406
403
364

',.4 2 (5 .2 7 )
0 .07(4,97)
4.44(4.02)
4 . ^,0 ( 4. 33)
5.5b(6.11)
1 3.01(7.92)
3.54 ( 3 .1 8 )
4.45(0.98)
I.92(2.71)
9.07(6.37)
0.83(5.46)
2.92(3.42)
5.24(4.72)
4.75(4.24)
5.31(5.95)
2 .39(3.00)
5.30(4.45)
5.39(4.79)
5 .71(4.94)
10.68(6.98)
2 . oO ( 3 . 21)
5.50(4.84)
6.10(5.13)
6.43(5.15)
4.89(3.81)
5.71(5.49)
7 .23(4.70)
4.26(5.19)
8.20(6.03)
2 . 14 ( 2 . 0 8 )

Placebo
Mea n(SD)
380
376
243
184
323
427

708

422
449
145
132
163
168
2 86
472
140
138

20 2

309
242
433
397
379
345

1. 6 6 (2 . 0 1 )

127
592
791
145

197
219
201
750
494
319
634
467
1128
168
370
460
338
356
376
021

309
335
148
188
206
251
260
231
684
220
1500
458

II.45(9.28)
11.87(6.82)
6.56(4.30)
5.67(4.17)
1 .71(4.38)
6 .95(5.96)
5.31(3.75)
11.33(7.59»
3.44(2.52)
2.57(2.09)
5.6215.46)
4.83(3.28)
1 .55(2.42)
2.87(3.47)
4. 48 ( 5 . 25)
7 .94(5.09)
H.09(6 .0 9 )
7 .63(5,59)
2.87(3.66)
3.53(4.21)
3.02(3.31)
5.13(5.85)
4.56(4.72)
2.69(3.27)
5.59(5.34)
5.64(4.83)
10.67(7.68)
2 .84(2.92)
8.09(6.86)
10.11(5.11)
10.25(6.03)
4.98(4.00)
3.79(3.49)
8.50(6.61)
6 . 5 1 ( 5 .2 1 )
5.08 (5 .2 1)
3.55(5.77)
4. 1 0 ( 5 . 6 3 )
8.88(6.44)

128
575
316
124

20
59
190
225
235
356
479

306
320
245
397
176
186
4 16
310
340
381
289
155
333
137
180
196
261
268
2 16
210

224
254
224

SMD (random)
95% Cl

WeigN
%

7.33(5.67)
7 . 6 8 1 5 .2 4 )
5.61(4.64)
6.25(5.55)
7.03(6.11)
16.60(9.23)
4 .05(3.46)
11.55(3.53)
2.30(3.00}
12.23(6.37)
8 .34(6.09)
3 .25(3.63)
5 .67(4.93)
6.44(5.18)
7.36(7.68)
3 .21(4.04)
7.23(5.59}
7.16(5.60)
7.97(5.94)
13.83(8.04)
13.20(7.84)
8 .00(5.95)
5 .60(4.89)
7 .33(5.49)
5.97(4.75)
7 .69(6.39)
8 .20(5.45)
5 .20(5.42)
11.80(7.37)
3.41(3.72»
I.5 9 (2 .1 3 )
19.17(8.75)
22.97(10.38)
10.66(7.40)
6.37(5.09)
5 .43(5.28)
8.27(6.62)
7.71(4.70)
15.25(8.55)
4 .40(3.14)
3 .95(2.70)
8.39(5.77)
5 .57(4.30)
2 .42(3.08)
4 .05(3.99)
6.43(6.02)
9.22(6.20)
1 0.42(6.4?)
9.19(6.12)
3.18 (3.8 6)
4 .00(4.18)
4 .32(4.21)
6.25(7.36)
6.39(4.69)
3 .33(3.68)
5 .62(5.62)
5.95(5.68)
1 2.83(8.31)
4 .08(4.11)
10.16(6.59)
1 0.81(6.20)
12.12(7.24)
5.60(4.34)
6 .36(4.69)
15.04(8.19)
8.39(6.50)
6.62(6.25)
5.04(6.39)
6.02(7.71)
II.0 0 (8 .2 3 )

SMD (random)
95% Cl
-0 .2 9 , -0.04)
< 3 : 1- 0 . 4 6 , - 0 . 1 7 ]
- 0 .2 7 (-0 .4 5 , -0.09]
- : . 2 3 ( - 0 . 5 4 , -0.13 }
-0.2 4 [ - 0 . 3 7 , -0 .1 1 ]
-0.4 3 f -0 .5 5 , -0.31]
- 0 .1 6 ( - 0 . 2 5 , - 0 .0 6 ]
- 2 .7 5 ( - 3 . 6 1 , -1 .8 8}
- 0 .7 0 , 0.44)
-0.40 (-0 .5 4 , -0.27]
-0.27 ( - 0 .3 8 , -0.15]
- 0 . 0 9 1- 0 . 2 8 , 0 . 0 9 )
-0.09 ( -0 .3 0 , 0.12]
-0 .3 6 ( -0 ,5 7 , -0.14]
-0.30 (-0 .5 1 , -0.09]
- 0 . 2 4 1- 0 . 3 8 , - 0 , 1 0 ]
- 0 . 3 8 (: - 0 . 5 1 , - 0 . 2 5 ]
- U . 3 4 1- 0 . 5 7 , - 0 . 1 1 ]
- 0 . 4 1 1- 0 . 6 5 , - 0 . 1 8 ]
- 0 . 4 2 1: - 0 . 6 5 , - 0 . 1 9 ]
- 1 . 7 6 1> 2 . 3 4 , - 1 . 1 7 ]
- 0 . 4 5 1- 1 . 1 2 , 0 . 2 1 ]
0 . 1 0 1> 0 . 6 0 , 0 . 8 0 1
- 0 . 2 7 I[ - 0 . 4 3 , - 0 . 1 1 )
- 0 . 2 3 1[ - 0 . 3 9 , - 0 . 0 7 )
- 0 . 3 3 1[ - 0 . 5 1 , - 0 . 1 5 ]
-0 .1 9 1 -0.32, -0.06]
- 0 . 1 8 i[ - 0 . 3 2 , - 0 . 0 4 )
- 0 . 1 4 :[ - 0 . 6 8 , - 0 , 3 9 ]
-C .;8 [ - 0 . 5 3 , - 0 .2 3 ]
: . : 3 [ - 0 . 2 9 , 0 .3 4]
-0.85 [-1 .2 2 , -0.48]
-1 .2 6 (-1 .6 5 , -0.06]
- 0.66 (-1 .1 4 , -0.17)
-0.15 (-0 .4 0 , 0.10]
- 0 .3 5 [ - 0 . 4 7 , - 0 .2 4 ]
0. 21 [ - 0 . 3 5 , - 0 .0 8 )
- 0.5 7 1 - 0 .8 1 , -0 .3 2 ]
- 0.4 8 [ - 0 . 9 5 , -0 .0 2 ]
- 0 .3 3 [ - 0 . 7 3 , 0.0 7]
- 0 .5 7 [ - 1 . 1 8 , 0.0 5]
-0.49 [-0 ,8 7 , -0.11]
-0.19 [-0 .3 9 , 0.01]
-0.3 1 [ - 0 . 5 0 , - 0 .1 3 ]
[-0 .5 0 , -0.12)
-0.35 (-0 .4 8 , -0.23]
- 0 .2 3 [ - 0 . 3 5 , - 0 .1 0 ]
- C. 27 [ - 0 . 5 3 , - 0 . 2 1 ]
-0.27 [ - 0 .4 0 , -0.14)
-0 .0 8 ( - 0 . 2 4 , 0 .07 ]
- 0.1 1 ( - 0 . 2 3 , 0 .0 0]
- 0.2 4 [ - 0 . 5 5 , - 0 . 1 3 ]
-0.17 [ -0 .3 5 , 0.00)
- 0 .3 9 [ - 0 . 5 2 , -0 .2 5 ]
- 0.1 8 [ - 0 . 3 4 , -0 .0 3 ]
- 0.0 1 [ - 0 . 1 5 , 0 .14 ]
-0.06 (-0 .2 0 , 0.08]
- 0 .2 8 ( - 0 . 4 1 , - 0 .1 4 ]
- 0 . 37 ( - 0 . 5 6 , - 0 . 1 7 )
- 0 .3 1 [ - 0 . 4 6 , - 0 .1 5 ]
-0.12 [-0 .3 6 , 0.11]
- 0 .2 8 ( - 0 . 4 9 , - 0 .0 8 ]
- 0 .1 5 [ - 0 . 3 4 , 0.0 5)
-0.62 [-0 .8 0 , -0.44)
- 0 .8 8 ( - 1 . 0 5 , - 0 .7 0 ]
- 0 . 32 [ - 0 . 5 0 , - 0 . 1 3 ]
-C.28 [ - 0 . 4 4 , - 0 .1 3 ]
- 0 .2 4 [ - 0 . 4 3 , -0 .0 6 ]
-0.32 (-C .45, -0.19]
- 0 .3 0 [ - 0 . 4 6 , - 0 .1 4 ]

Total (95% 01)
2 55 20
Test for heterogeneity: ChP = 268 36, df * 69 (P • 0.00001), I ' = 74 3%
Test for overall effect: Z * 14 45 (P < 0.00001)

< .3 1

-

4

-

2

Favours F Toothpaste

0

2
Favours Placebo

[-0.35,

- 0 . 2 ' ’}

Year
1980
1975
1977
1983
1966
1984
1982
1980
1980
1968
1979
1974
1974
196 6
1978
1903
1904
1973
1973
1 973
1968
1968
1960
1980
196 6
1978
196 7
196 7
1977
197 2
1 996
1967
1967
1967
1967
1974
1978
1965
1965
1970
1970
1974
1968
1955
1970
1980
1967
1979
1967
1979
1 973
1975
197 9
1984
1 967
1967
1967
1971
1 9 66
1965
1965
1965
1972
1970
1 970
1972
1972
1 973
198 1
198 3

Quakty
2
?
5
E

Order
Q
0
0

E
E
S
B
E
B
E
C

A
E
B

E
E
C

0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Review
Companson
Outcome;

Fu on de l oot hpas les lor preventing dental c a n e s in children and adolescents (THESIS CHAPTER 5)
01 FItxxide Toothpaste versus Pl acebo
' A DrM)FT increment ISMD) - ne a re st to 3 ye ar s (53 tnals)

Study
or sub-category

N

Abrams 1980
Andlaw 1975
Blinkhom 1983
Brudevold 1966
Buhe 1984
C a h e n 1982
Di Maggio 1980
Fogels 1979
Gish 1966
Glass 1978
Glass 1983
Hanachowicz 1984
Hargreaves 1973
Hargreaves 1973a
Hargreaves 1973b
Held 1968
Held 1968a
Held 1968b
Hodge 1980
Horowitz 1966
Howat 1978
Jackson 1967
Ja me s 1967
Kleber 1996
Koch 1967
Koch 1967a
Koch 1967b
Koch 1967c
Lmd 1974
Marthaler 1965
Marthaler 1965a
Marthaler 1974
Mergele 1968
Muhler 1955
Muhler 1970
Naylor 1967
Naylor 1979
Peterson 1967
Peterson 1979
Reed 1973
Reed 1975
Ringelberg 1979
Rule 1984
Slack 1967
Slack 1967a
Thomas 1966
Weisenstein 1972
Zacherl 1970
Zacherl 1970a
Zacherl 1972
Zacherl 1972a
Zacherl 1973
Zacherl 1981

164
U4
3SS
3S9
1300
22
*ï90
16S
P8
S67
473
163
146
14b
32
19
14
S37
329
253
438

64
bO
32
127
592
145
42
SO
197
219
201
494
319
b?6
467
1128
168
370
4b0
356
376
309
20b
251
2bO
231
68 4
220
1500

SMD (random)
95% C(

Placebo
Mean (SD)

Fluonde t oot hpaste
Mean (SO)
3 .40(3.72)
3.73(2.801
2.45(2.37)
2.59(2.75)
4.66(3.03)
1 . 58 (1 . 2 8 )
1.95(0.21)
4.22(4.19)
J . 14(2.65)
3.19(3.07)
1.54(1,68)
3 .21(2.56)
3.10(3.53)
4 . 24 ( 4 . 2 0 )
7.21(5.62)
0.30(0.98)
2.60(3.21)
0.90(1.79}
3.66(2.65)
2.24 (1.811
3 .20(2.65)
4 .59(3.07)
. Î . 25 ( 2 . 5 5 )
1.06(1.67)
b.U8 ( 3 .4 4)
5.05(2.63)
2.06(1.92)
3.38(2.481
2.47(2.68)
2.57(2.13)
5.20(3.04)
3.26(2.64)
3 .62(2.25)
0 . 8 4 (1 . 7 2 )
1 .4 8 (2 .1 8)
4 .48 (2 .7 4)
4.49(2.81)
3.42(2.67)
1.99(2.35)
2 , 0 8 (2.511
1 .92(2.06)
2 . 2 1 ( 2 .3 8 )
2.78(3.22)
j . 27 ( 2 . 8 3)
3 .64(2.75)
1 . 6 0 1 2. 0 6 )
2.90(2.31)
1.09(1.90)
3.19(3.06)
2.89(2.72)
2.50(2.68)
1.60(2.79)
2.25(3.03)

J7c

191
iZ2

4Z7
709
20

149
163
168

286
472
140
138
151

8 . 1 1 (6 . 0 0 )

4 . 60 ( 4 . 34)
4 . 3 0 ( 4 . 23)
2.20(2.93)
4.72(2.90)
2.69(2.11)
4.36(3.121
6 .12(3.10)
2 .63(2.32)
1.04(1.61)
9 .32(3.33)
7.18(3.64)
2.95(3.21)
3.66(3.17)
1.66(2.88)
3.91(2.66)
6.21(3.18)
4 .88(3.09)
3. 97 ( 2. 43)
1.27(2.16)
2 .19(2.39)
4.89(2.86)
6.68(2.92)
3.98(2.93)
2.20(2.66)
2.54(2.16;
2.68(2.38)
2.60(2.34)
3 .67(3.06)
3.22(2.73)
3.78(3.08)
2 .32(2.61)
3.40(2.77)
2.62(2.26)
6.09(3.27)
3.62(3.28)
3.16(3.22)
2.60(3.011
3.26(3.92)

202
109

128
676
124

226
236
479
320
246
397
176
186
416
340
381
166
196
261
268

2 16
210

-0.60
- 0.2 4
-0.23
-0.32
-0.32

-0.03]
-0.16)
-0.221
-0.141
-0.19]
-0.12]
-1.96]
-0.01)
0.02]
-0.11]
-0.16]
-0.28]
0.05]
-0.14]
0.07]
-0.78]
0.22]
0.20]
-0,23]
-0.07]
-0.22]
-0.04]
0.02]
0.33]
-0.58]
-0.30]
0.15]
0.19]
-0.28]
-0.27]
0.14]
-0.17)
0.09]
-0.03]
-0.12]
-0.02]
-0.22]
-0.07]
0.07]
-0,07]
-0.08]
0.01]
-0.15]
0.17]
0.09]
-0.12]
0.00]
-0.27]
-0.42]
-0.06]
-0.08]
-0.13]
-0.18]

-0.2?

[ -f > .3 3 .

-0.23]

-" .il
-0.17
-0.38
-0.15
-1.33
-0.45
- 0 .5 1
- 0 . 39
- 0.2 3
-0.40
-0.17
- 0.1 1
0.01
-0 .9 5
- 0.6 7
-0.33
-0.06
- 0 . 39
-0 .5 2
- 0 .3 2
-0.56
- 0 .1 1
-0.22
- 0.3 1
- 0 .1 5
- 0.3 8
- 0. 20
-0.09
-0 .1 8
- 0 . 30
-C .1 6
- 0.2 9
0.02

1980
1975
1983
196 6
1984
1982
1980
1979
1 966
1978
1983
1984
1973
1973
1 973
1968
1968
1968
1980
1966
1978
1967
1967
199 6
1967
1967
1967
1967
1974
1965
1965
1974
1968
1955
1970
1967
1979
1967
1979
1973
1975
1 979
1984
1967
1 967
1966
1972
1970
1970
1972
1972
197 3
1981

Quaity

Order
0

:
:

£
2
2
2
T
2
E

A
c

E

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Favours Placebo

F lu o n d e t o o th p a s te s fo r p re v e n tin g d e n ta l c a n e s in children and a d o le s c e n ts (T H E S IS C H A P T E R 5)
01 F lu o n d e T o o th p a s te v e rs u s P la c e b o
0 5 D e v elo p in g o n e o r m o r e n e w c a n e s (6 tnals)
T re a tm e n t
n/N

s tu d y
o r su b -c a te g o ry
DoBes 1 9 8 0
F o rsm a n 1974
F o rsm a n 1 9 7 4 a
H a n a c h o w ic z 1984

Torell 1 9 6 5

Year

-0.28,
( -0.45,
(-0.63.
(-0.39,
(-0.42.
( -0.30,
I -3.71,
1- 0 . 2 4 ,
I: - 0 . 4 1 ,
1[ - 0 . 5 3 ,
1[ - 0 . 4 5 ,
1[ - 0 . 5 4 ,
1[ - 0 . 4 0 ,
1[ - 0 . 6 1 ,
1[ - 0 . 3 8 ,
1[ - 1 . 8 8 ,
[-1.11,
£-1.22,
£-0.55,
[-0.38,
[-0.58,
[-0.30,
[-0.25,
(-0.30,
[-1 .32,
(-1.03,
[-0 .80,
[-0.31,
[-0,51,
[-0.76,
[-0 .79,
[-0 .94,
[-0.31,
(-0.41,
[-0.50,
(-0.27,
[-0.54,
[-0.34,
[-0.24,
(-0.30,
[-0.51,
[-0.34,
(-0.42,
[-0.1 3 ,
(-0.19,
(-0.51,
(-0.39,
(-0.62.
(-0.77,
(-0.43,
[-0.39,
[-0.50,
[-0.45,

-:.42
-0.27
-C .3 0
- C. 2 1
-:.8 3
-C.1 3
-:.1 9
-'■>.32
-0.31

100.00

Favours F toothpaste

K leber 1 9 9 6
M arthaler 1 974

95% Cl

1.61
0.72
0.95
1.91
2.00
1.98
2.46
2.22
2.40
2.2 4
2.55
1.8 2
2.0 8
2.41
2.29
2,34
1.95
1.93
2.09
2.09
2.01
2.24
2.00
2.4 1

12969
. 70 2%

195 02
Total (95% Cl)
Test for heterogenerty ChP ■ 174 51, df - 52 (P •
Test for overall effect: Z - 12.18 (P < 0 00001)

R ev iew
C om p an son
O u tc o m e

%
2.4 8
2.32
1.86
2.46
2.53
2.71
0.2 4
2.56
1.-^9
1.82
2.33
2.4 4
1.72
1,6 7
1.71
0.55
0.40
0.36
2.20
2.2 4
2.07
2.41
2.37
1.23
0.99
I . 01
0.70

1.99(4.06)
4.66(2.721
1 . 6 1 ( 2 . 61 1
1. 32 ( 2 . 7 6 )
6.60(3.26)
1.86(1.33)
1.96(0.99)
4.77(4.48)
3.66(2.71)
4.27(3.611
2 .13(2.36)
4 .36(3.00)
3.76(3.92)
6 .99(6.08)

3S0

1 3 /2 4
1 7 4 /4 1 4

1 5 /2 3
5 6 /1 4 5

1 3 9 /2 6 2
4 2 5 /4 7 3
4 5 /7 7

6 9 /1 3 2
4 4 7 /4 7 2

3 7 /5 0
5 6 /3 3 5

5 4 /5 9
8 4 /3 3 3

T otal (9 5 % Cl)
T o tal e v e n ts : 8 8 9 (T re a tm e n t), 7 6 5 (C ontrol)

RR (random )
9 5 % Cl

C ontrot
n/N

W eight

4 .3 5
1 2 .6 9
1 5 .3 6

0 .8 3

3 2 .1 0

0 .9 5

9 .6 5
1 6 .8 6
8 .9 9

1 .1 5
0 .8 1
0 .6 6

1 0 0 .0 0

0 .9 3

4 0 /7 9

1635

RR (random )
95 % Cl

%

1 243

1 .0 9
1 .0 1

[ 0 .5 2 ,
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A bstract
Background
Fluoride mouthrinses have been used extensively as a caries-preventive intervention in schoolbased programmes and individually at home.

Objectives
To determine the effectiveness and safety of fluoride mouthrinses in the prevention of dental 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 Issue 2, 2000), 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 mouthrinse with placebo or no treatment 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 & 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 mean caries increments between the treatment and control groups expressed as a
percentage of the mean 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.

Main results
Thirty-six studies were included. For the 34 that contributed data for meta-analysis (involving
14,600 children) the D(M)FS pooled PF was 26% (95% confidence interval (Cl), 23% to 30%; p <
0.0001). Heterogeneity was not substantial, but confirmed statistically (p = 0.008). No significant
association between estimates of D(M)FS prevented fractions and baseline caries severity,
background exposure to fluorides, rinsing frequency and fluoride concentration was found in
metaregression analyses. A funnel plot of the 34 studies indicated no relationship between
prevented fraction and study precision. There is little information concerning possible adverse
effects or acceptability of treatment in the included trials.

Reviewers’ conclusions
This review suggests that the supervised regular use of fluoride mouthrinse at two main strengths
and rinsing frequencies is associated with a clear reduction in caries increment in children. In
populations with caries increment of 0.25 D(M)FS per year, 16 children will need to use a fluoride
mouthrinse (rather than a non-fluoride rinse) to avoid one D(M)FS; in populations with a caries
increment of 2.14 D(M)FS per year, 2 children will need to rinse to avoid one D(M)FS. There is a
need for complete reporting of side effects and acceptability data in fluoride mouthrinse trials.
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Background
The prevention of dental caries in children and adolescents is generally 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 introduction of water fluoridation
schemes over five decades ago (Murray 1991). These were introduced when caries was highly
prevalent and severe, and when even modest prevention activities led to considerable reductions in
disease levels. In the last 20 years, with the substantial decline in dental caries rates in many
western countries, an increase in dental fluorosis levels in some countries, and intensive research on
the mechanism of action of fluoride highlighting the primary importance of its topical effect,
greater attention 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 remineralisation of
early caries lesions 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 programmes 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 increase 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 applied
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
developed 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 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). Flowever, a systematic quantitative
evaluation of the available evidence on the effect of the main modalities of topically applied
fluoride has never been undertaken.
This review is one in a series of systematic reviews of topical fluoride interventions and assesses
the effectiveness of fluoride rinses in the prevention of dental caries in children.
FLUORIDE MOUTHRINSES
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Fluoride mouthrinses have been used extensively for the past 30 years to prevent dental caries in
children. The use of rinses was especially widespread in organised school-based programmes in
countries experiencing high caries prevalence in the 1970s and 1980s. Doubts about the
effectiveness of fluoride mouthrinse as a population strategy began in the mid 1980s in view of the
decline in dental caries, and their presumed cost effectiveness was challenged (Stamm 1984; Disney
1990). The current view is that fluoride mouthrinsing programmes are only appropriate for high
caries groups o f children. While supervised, school-based, weekly rinsing programmes using 900
ppm F solutions remain a popular procedure in America in non-fluoridated communities (Horowitz
1996), in Scandinavia and in several other countries these have been discontinued based on the
above-noted caries decline and the widespread use of fluoride toothpastes (Seppa 1989).
Mouthrinses containing 230 ppm F are available commercially for daily home use in some
countries. Rinses containing 100 ppm F are also available for over the counter (OTC) sales and
recommended for twice daily use. Fluoride mouthrinses have thus moved from being a tool mainly
advocated in the public health setting and, through the force of commercial marketing, have gained
greater prominence in the personal dental products market. By virtue of the widespread use of
other oral mouthrinse products, from simple breath fresheners to products formulated to counter
inflammatory periodontal (gum) diseases, it has been argued that the procedure could in fact be
cost effective if those already using non-fluoride mouthrinses convert to the use of fluoride rinses
(Stamm 1993).
Although the procedure is not recommended for children under 6 years of age, due to the risk of
acute and chronic fluoride ingestion, there are data implicating fluoride mouthrinse use by pre
school children as a risk factor for dental fluorosis (enamel defects caused by young children
chronically ingesting excessive amounts of fluoride during the period of tooth formation) because
some young children might swallow substantial amounts (Ripa 1991; Stookey 1994). Accidental
swallowing of the usual 10 ml rinse volume of a 0.05% (230 ppm F) NaF solution for daily use by
a 5 to 6 year-old child will result in ingestion of 2.3 mg of fluoride (the average dosage ingested
would be twice the optimum level in a fluoridated area). Although this dose is far below the
probable toxic dose (PTD) of fluoride, estimated to be 5 mg/kg body weight (Whitford 1992), or
approximately 100 mg of fluoride for a 5 to 6 year-old child (20 kg), this amount would be
available in just 434 ml of the standard daily rinsing solution.
The effect of fluoride mouthrinses on the incidence of caries in children has been extensively
investigated during the past four decades in a large number of clinical trials. Besides sodium
fluoride solutions, mouthrinses containing other fluoride compounds in several concentrations and
rinsing frequencies have been tested. The evidence from primary studies on the effectiveness of
fluoride mouthrinses has been reviewed in numerous review articles and textbook chapters (Torell
1974; Birkeland 1978; Bohannan 1985; Leverett 1989; Ripa 1991; Ripa 1992; Petersson 1993). In
one review article a meta-analytical approach has been used to synthesise the results of US studies
carried out in fluoride deficient communities (Stamm 1984). To date, no systematic reviews of the
available evidence from clinical trials on the effectiveness and safety of fluoride mouthrinses have
been reported.

Objectives
(1) To determine the effectiveness and safety of fluoride rinses in preventing dental caries in the
child/adolescent population.
(2) To examine whether the effect of fluoride rinses is influenced by the level of caries severity.
(3) To examine whether the effect of fluoride rinses is influenced by the background exposure to

Review Manager 4.2.2

25/09/2003

6

Fluoride mouthrinses fo r preventing dental caries in children and adolescents (T
fluoride in water (or salt), toothpastes or reported fluoride sources other than the study option(s).
(4) To examine whether the effect of fluoride rinses is influenced by fluoride concentration or
application features, such as frequency of use.

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 mouthrinse is compared concurrently to a placebo or no treatment
group 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
intervention 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 mouthrinses only, using any fluoride agent, at any concentration
(ppm F), amount, frequency of use, duration of application, and with any technique of application,
prior- or post-application (in which the rinse is swished and expectorated, not swallowed^ The
control group is placebo or no treatment resulting in the following comparison: fluoride rinse
compared with a placebo or no treatment.
Studies where the intervention consisted of any other caries preventive agent or procedure (e.g.
other fluoride-based measures, chlorhexidine, sealants, oral hygiene interventions, xylitol chewing
gums, glass ionomers) used in addition to fluoride rinse were excluded.

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 dentin level of diagnosis. (See 'Methods of the review' 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 deciduous dentitions; tooth loss; dental pain/discomfort; specific side effects
(fluorosis, tooth staining/discoloration, oral allergic reactions, adverse symptoms such as nausea,
vomiting); unacceptability of preventive treatment as measured by drop outs during the trial (in
non-placebo controlled studies); use of health service resources (such as visits to dental care units,
length of dental treatment time).
Studies reporting only on plaque/gingivitis, calculus, dentin hypersensitivity or fluoride
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physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels,
etc.) were excluded.

Search strategy 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 fluoride reviews) by searching several
databases from date of inception; 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 (below) with very low specificity (but high sensitivity), using '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:
(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"
îxplode all subheadings or "DENTAL-PROPHYLAXIS " explode all subheadings or
'DENTIFRICES " explode all subheadings or "MOUTHWASHES" explode all subheadings or
CARIOSTA* or PROPHYLA* or ANTICARI* or ANTI CARI* or VARNISH* or LACQUER*
Dr DURAPHAT or GEL* or TOOTHPASTE* or TOOTH PASTE* or PASTE* or DENTIFRIC*
Dr 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
DR 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*))].
R.CT filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development 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.
Fhe Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library Issue 1,
1997), the Community of Science database (1998), which included ongoing trials funded by the
"National Institute of Dental Research (NIDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980-1997), and OLD MEDLINE (1963-1965) were searched using
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the terms 'fluor' and 'carie' truncated. (Grey literature search had also been carried out by searching
the Index to Scientific and Technical Proceedings (ISTP) and DISSERTATION ABSTRACTS).
From 1999 to 2001
The following strategy was used to search LILACS/BBO in 1999 (1982-98), where free text
subject search terms were combined with a methodological filter for RCTs;
[(fluor$ or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluorS or duraphatS)
and (carieS or dmf$ or cpo$ or toothS or teethS or dent$ or dient$ or anticarieS or cario$ or
mouthrinsS or mouth rins$ or rinseS or bochechS or enjuagS or vernizS or vamishS or bamiz$ or
lacaS or gel or gels)] and [randomS or aleatoriS or acasoS or azar$ or blind$ or mask$ or cego$ or
cega$ or ciego$ or ciegaS or placeboS or(clinic$ and (trialS or ensaioS or estudS)) or (controls and
(trials or ensaioS or estudS))].
A supplementary and more specific subject search phrase (including 'free text' and 'controlled
vocabulary' terms), refined exclusively for this review, formulated around three concepts:
mouthrinse, fluoride and caries, was used to search Silverplatter MEDLINE (up to January 2000)
without methodological filters:
[(CARTE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/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 ((RINS* or MOUTH* RINS* or WASH* or MOUTH* WASH*) or (MOUTHRINS* or
MOUTHWASH*)) or (explode "MOUTHWASHES"/all subheadings)].
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 Issue 2, 2000) 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 Library database: Cochrane Database of
Systematic Reviews (CDSR), and the CRD databases: Database of Abstracts of Reviews of Effects
(DARE) and NHS Economic Evaluation Database (NHS EED), were also searched. Reference
lists of relevant chapters from preventive dentistry textbooks on topically applied fluoride
interventions were also consulted.
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 Oral Epidemiology, Journal of
the American Dental Association, Journal of Dental Research, Journal of Public Health Dentistry
and European Journal of Oral Sciences. The hand search of Community Dentistry and Oral
Epidemiology was undertaken (from 1990 to December 1999), as this was the journal with the
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PERSONAL CONTACT
Searching for unpublished studies (or 'grey' literature such as technical 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
information 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
mouthrinses was created for locating 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. Six fluoride rinses manufacturers were
contacted (October 2000) and information on any unpublished trials requested: Colgate-Palmolive,
Gaba AG, Johnson & Johnson, Oral-B, Procter & Gamble, Warner-Lambert.

Methods of the review
IDENTIFICATION OF REPORTS PRODUCED BY THE SEARCHES
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported 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 without the benefit of
eliminating duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE
search performed without methodological filter were imported to Reference 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
reviewer) 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
according 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 exclusively in adults; or the trial
did not address a fluoride rinse intervention; or the trial did not compare fluoride mouthrinse to
placebo or no treatment).
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 contacted.
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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 reviewer was independently assessed by the second. A third reviewer
was consulted, Stuart Logan (SL) or Aubrey Sheiham (AS), to resolve any disagreement. It was
decided in advance to exclude any trial where agreement could not be reached (but this did not
occur). 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. Attempts were made to contact authors of trials that could not be classified in order to
ascertain whether inclusion criteria were met.
QUALITY ASSESSMENT
The methodological quality of the included studies was assessed according to the criteria for
concealment o f treatment allocation described in the Cochrane Collaboration 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 allocation 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 independently 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 outcome 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 examination performed independently of previous results, of x-rays
registered independently of clinical examination, of use of a placebo, 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 sample 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 outcome had been carried
out blind.
Checking of interobserver reliability was limited to these validity assessments.
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Other methodological characteristics of the trials such as completeness of follow up (proportion
excluded) and handling of exclusions (extent to which reasons for attrition are explicitly reported,
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 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. Again, data that could not be coded by the first reviewer were
independently coded by the second, any disagreement was discussed and a third reviewer consulted
to achieve consensus where necessary. (In future updates all reports will be data extracted and
quality assessed in duplicate.) Data presented only in graphs and figures were extracted whenever
possible, but were included only if two reviewers independently had the same result. Attempts were
made to contact authors through an open-ended request in order to obtain missing information or
for clarification 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
randomisation in sizing/balancing (stratification based on relevant variables) or used post
randomisation in analysing/adjusting for possible differences in prognostic factors between groups;
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors); any cointervention
and/or contamination. 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 application (how the
intervention was delivered), methods (technique/device) of application, prior- and post-application,
fluoride active agents and concentrations used, frequency and duration of application, and amount
applied.
Different ways of assessing/reporting caries increment in the trials (change from baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components 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,
approximal surfaces, etc.), state of tooth eruption considered (erupted and/or erupting teeth or
surface), diagnostic thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions),
methods of examination adopted (clinical and/or radiographic), and approaches adopted to account
or not for reversals in caries increment (in a net or observed/crude caries increment respectively).
In addition, caries increments have been recorded whenever the authors reported them (various
follow ups).
As we were aware that caries increment could be reported differently 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
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would be chosen 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 dentinal/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 'Table of included studies' provides a description of all the main outcome data reported from
each study with the primary measure chosen featuring at the top. Where assessments of caries
increments were made during a post-intervention follow-up period, the length of time over which
outcomes were measured after the intervention ended was noted. All other relevant outcomes
assessed/reported in the trials are also listed in this table.
ANALYSES
Handling of missing main outcome data
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be inputed through linear regression of log standard
deviations on log mean caries increments. This is a suitable approach for caries prevention studies
since, as caries increments follow an approximate Poisson distribution, they are closely related
(similar) 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 active fluoride agents or concentrations of fluoride ions to a
placebo/no treatment group, raw results (the numbers, mean caries increments and standard
deviations) from all relevant experimental groups were combined in order to obtain a measure of
treatment effect. This enables the inclusion of all relevant data in the primary meta-analysis,
although 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 fraction (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 data) this measure was considered more appropriate
than the mean difference or standardised mean difference, 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 sample 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 (when the review was first published). However, the raw results of the studies
(mean/SD/n) were entered in RevMan and mean differences were presented without meta-analyses.
Where meta-analyses using standardised mean differences yielded materially similar results to those
____________________________________________________ i_________________________________________
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using prevented fractions, we have also presented these within MetaView. Deciduous and
permanent teeth are analysed separately throughout.
For illustrative purposes the results were also presented as the number 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
undertaken 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
hypothesised that: (1) the effect of fluoride mouthrinses differs according to the baseline levels of
caries severity; (2) the effect of fluoride mouthrinses differs according to exposure to other fluoride
sources (in water, in toothpastes, etc.); and (3) the effect of fluoride mouthrinses differs according
to concentration of fluoride and frequency of application. The association of these factors with
estimated effects (D(M)FS PFs) were examined by performing random effects metaregression
analyses in Stata version 6.0 (Stata Corporation, USA) using the program Metareg (Sharp 1998).
To allow such investigation, relevant data were dealt with as follows: 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 data on the use of
fluoride toothpaste and the consumption of fluoridated water (or salt) and were grouped into two
categories: one for studies which were based on samples provided with non-fluoride toothpaste and
which were from non-fluoridated areas (non-exposed), and another for studies based on samples
using fluoride toothpaste or studies in fluoridated communities or both. When use or non-use of
fluoride toothpaste was not clearly indicated in studies carried out in developed countries, it was
assumed that fluoride toothpaste was widely used from the middle of the 1970s (Ripa 1989); this
information was sought from authors (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 'concentration applied' and 'frequency of
rinsing' have not been categorised, but a 'total intensity of application per year' covariate was
produced by multiplying frequency of application (per year) by fluoride concentration of
mouthrinse applied (in ppm F). In multiple arm studies we averaged this intensity score over
fluoride treatment groups. Incomplete data for frequency of mouthrinsing was dealt with as
follows: in studies of supervised daily rinse at school where participants were provided with
mouthrinse for home use, rinsing frequency of 365 times a year was to be assumed if not precisely
reported. Rinsing frequency of 320 times a year was assumed in studies of'unsupervised' daily rinse
at home (even if instructions to rinse more than once a day were given); frequency of 160 times
(days) a year was assumed when it was not precisely reported in studies of supervised daily rinse at
school where children were not provided with any rinse for home use; frequency of 30 times a year
was assumed for weekly rinse at school, and of 17 times a year for fortnightly rinse at school.
Further potential sources of heterogeneity were investigated by metaregression. These 'post hoc'
analyses are clearly identified and the results should be treated with caution. Sensitivity analyses
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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 et al
(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 relative risks (RR) or, for adverse effects of fluoride treatment, risk
differences (RD). RevMan 4.1 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 are shown in the analyses tables.

Description of studies
SEARCH RESULTS
Searching the core database in Reference Manager (using 'mouthwash*' or 'rins*' or 'sodium
fluoride*' or 'amine fluoride*' or 'amine fluoride solution' or 'acidulated fluorophosphate*' or
'acidulated phosphate fluoride*' or 'fluorophosphate*' or 'stannous fluoride*' as keywords
combined with 'rins' or 'wash' or 'fluoride solution' in titles and notes) retrieved 2263 records from
MEDLINE, EMBASE, BIOSIS, SCISEARCH, SSCISEARCH, CINAHL, ERIC, ISTP and
DISSERTATION ABSTRACTS. There were 211 records scanned outside Reference Manager
produced by searching 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 scamied outside Reference Manager. Searching OLD MEDLINE
produced 545 records. Thus, 3229 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 mouthrinse trials performed without a randomised
controlled trial (RCT) filter produced 763 records, and the search performed in the Cochrane Oral
Health Group's Trials Register produced 139 records. The search for ongoing studies in the
metaRegister of Controlled Trials produced five records.
Searching other non-electronic sources (reference lists of potentially relevant reports, review
articles or book chapters, journals, and contacting authors) produced 112 additional records for
inspection. One o f the six manufacturers of fluoride mouthrinses contacted, GAB A, provided a list
of 409 records from a search performed in GALIDENT (Database of GAB A 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 282 records were considered potentially eligible, and
sought for further assessment.
STUDY SELECTION RESULTS
Two hundred and eighty-two reports were sought for detailed assessment for inclusion, of which
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nine full text reports could not be obtained (most of these were incomplete references to nonEnglish reports). One hundred and forty-four reports were considered immediately irrelevant for
this review, either due to the types of study design described (historical controls or other nonexp erimental designs) or as a result of the types of intervention compared with, or used in addition
to fluoride mouthrinse (including head-to-head studies without a placebo or no treatment group).
Ninety-two studies (129 reports) are considered/cited in this review. These comprise 60 reports
relating to 36 included studies, 55 reports relating to 43 excluded studies, and 14 reports relating
to 13 studies waiting assessment, either because they require translation (seven reports in Swedish
of seven studies, two reports in Russian of one study, and one report/study each in Danish,
Hungarian, Japanese, and Thai), or because additional information could not be obtained yet for
one study in abstract form (Kawall 1981). There were no reports of ongoing studies.
Listed either under excluded or included studies are 27 non-English reports (21 studies). Two of
these studies (two non-English reports) 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, and one report/study
was included based on an English publication related to the same study. There remained 24 nonEnglish reports that have been fully assessed (18 studies); 11 in Portuguese (by the contact
reviewer), five in Spanish (by the contact reviewer), three in German (by a German translator, with
the reviewer), three in Russian (by a Russian translator, with the reviewer), two in Japanese (by a
Japanese translator, with the reviewer).
EXCLUDED STUDIES
See 'Characteristics of excluded studies' for the description of reasons for rejecting each study.
The 43 studies in this section were excluded for a variety of reasons. Seven studies were clearly not
randomised/quasi-randomised. Five studies used open outcome assessment. One study randomised
two clusters, each to one of the two study arms. Five studies did not mention or indicate
random/quasi-random allocation nor blind outcome assessment, two studies did not mention
random/quasi-random allocation and did not mention or indicate blind outcome assessment, and
two other studies did not mention random/quasi-random allocation nor blind outcome assessment.
Two studies did not mention random or quasi-random allocation (but used/indicated blind outcome
assessment); the attempt to contact the author(s) of these studies was unsuccessful and they were
excluded. In one study, the length of follow up was 6 months and relevant outcomes were not
reported.
Sixteen studies had other active agents or other interventions in addition to fluoride mouthrinse:
eight of these did not state or indicate blind outcome assessment and/or random or quasi-random
allocation; two others had only one cluster for each study arm, another was not randomised/quasi
randomised and the length of follow up for the main outcome assessment was less than 1
year/school year; and another had an 'inappropriate placebo' (not an inactive treatment). In two
studies, the fluoride solution was swallowed after rinsing.
INCLUDED STUDIES
See 'Characteristics of included studies' table for details of each study.
There are 36 trials included. The study conducted by Horowitz 1971 has been treated as two
independent trials, since the results for the two age groups in the study have been reported
separately as distinct studies. There were also completely distinct studies published as such
concomitantly by the same author: Koch 1967a and Koch 1967b. All 60 reports were published
between 1965 and 1998. The 36 trials were conducted between 1962 and 1994: 10 in the 1960s,
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19 in the 1970s, six in the 1980s, and one in the 1990s. Thirteen trials were conducted in USA,
four in UK, five in Sweden, two in Denmark, two in Canada, two in New Zealand, three in Brazil,
and one in each of the following countries; Finland, The Netherlands, South Africa, Chile and
Puerto Rico. Fifteen studies had more than one publication, one of these had seven published
reports. Nine studies acknowledged assistance (product provision, etc.) and/or financial support
from fluoride mouthrinse manufacturers. Of a total of 18 studies whose authors were sent request
letters for unpublished information, replies related to 11 studies were obtained.
Design and methods
Fifteen studies had more than one fluoride mouthrinse treatment group compared to a control
(multitreatment studies); among these one trial had two treatment groups and two placebo control
groups. Six trials used a factorial design to investigate the effects of multiple topical fluoride
interventions. With regard to type of control group used, four trials used a no treatment control
group, and the remaining 32 used a placebo control group. The study duration (indicated by the
total length of follow up as well as the treatment duration) ranged from 2 to 3 years among
included trials; only three lasted less than 2 years (1.6 years). Studies were large with only three
trials allocating less than 100 children to relevant groups. The total number of children participating
in the trials (given by the sample analysed at the end of the trial periods) was 15,171 and ranged
from 95 in the smallest trial to 1238 in the largest trial (on average, 421 participants per trial). All
participants were recruited from school settings.
Participants
All included trials reported that the participants were aged 14 or less at the start, with similar
numbers from both sexes (where these data were reported). The ages of the children at the start of
the trials ranged from 5 to 14 years (where these data were reported); at least 18 trials included
children who were 12, at least five trials included 5/6 year-olds. Caries prevalence at baseline,
reported in all but two of the studies, ranged from 0.94 to 14.7 D(M)FS. With regard to
'background exposure to other fluoride sources', all but two studies reported exposure or not to
water fluoridation: four studies were conducted in fluoridated communities and 30 studies were
not. Among the studies conducted in non-fluoridated areas, no (or very low) exposure to fluoride
toothpaste or to other fluoride sources was clearly reported in eight studies, and substantial
exposure to fluoride toothpaste (over 95%) was reported in six studies; exposure or not to fluoride
toothpaste had to be assumed in 16 studies based on study location and year started, as described
above. Information on dental treatment level was reported in the study conducted in Denmark, in
one of the two studies conducted in Canada, and in one study from USA.
Interventions
All 36 included trials reported supervised use of mouthrinse in school programmes (two of which
also tested their use at home). Rinsing with Sodium Fluoride (NaF) was tested in 32 trials,
Acidulated Phosphate Fluoride (APF) in four trials. Stannous Fluoride (SnF2) in two, and Sodium
Monofluorophosphate (SMFP), Amine Fluoride (AmF) and Amonium Fluoride (NH4F) were each
tested in a different study. The fluoride concentration used in the mouthrinses ranged from 100
ppm F (0.02% NaF) to 3000 ppm F (0.66% NaF), and the frequency of application ranged from 3
to 330 times a year, but these were unusually low and high concentrations and frequencies. The
concentration of 230 ppm F (180 and 250 ppm F in a few studies) was used in 18 studies, and the
concentration of 900 ppm F (1000 ppm F in a few studies) was used in 19 studies. It can be seen
that when rinsing was performed once a week or once every 2 weeks, a rinse usually employing
900 ppm F was used (16 trials). Conversely, when rinsing was performed once (or twice) a day, the
fluoride concentration used was 230 ppm F, or around this concentration (13 trials). The only
study (Duany 1981) where information on rinsing frequency was not available is likely to have used
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daily rinses for ail three low concentrations of fluoride tested (this was one of the four studies
testing the 100 ppm F rinsing solutions). The usual amounts of mouthrinse used per application
was 5 or 10 ml, and usual rinsing time was 1 or 2 minutes (reported in 21 studies). The
performance of some form of prior tooth prophylaxis (brushing without paste or with a non
fluoride paste before rinsing) was reported in four studies (not considered a separate intervention
on its own).
Outcome measures
Caries increment: All but two of the 36 trials reported caries increment data (or data from which
these could be derived) at the tooth surface level (D(M)FS), and 13 trials reported caries increment
at the tooth level (D(M)FT); d(e/m)fs/d data were not reported in any trial. With regard to the
components of the DMFS index used (and types of teeth/surfaces assessed), 20 trials reported
DMFS data (one trial for premolars and molars only and 19 trials for all tooth surface types), and
16 trials reported DFS data (one trial for approximal surfaces of premolars and molars only and 15
trials for all tooth surface types). No choice had to be made between DMFS or DFS data in any
one trial. Sixteen trials presented D(M)FS data at more than one follow-up time (which ranged
from 1.6 to 3 years); follow up of either 2 or 3 years was reported in 26 trials. In three trials,
assessments of D(M)FS increments were also made during a post-intervention follow-up period.
Clinical (35 trials) and radiographic (20 trials) examinations provided 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 clinically visible as white spots or
discoloured fissures; C A = lesions showing loss of enamel continuity that can be recorded clinically
(undermined enamel, softened floor/walls) or showing frank cavitation; ER = any radiolucency in
enamel/enamel-dentin junction; DR = radiolucency into dentin. Many trials presented results using
one caries grade only (usually CA/ER or CA/DR), others either did not report the grade, or
reported caries increment data at both levels of diagnosis, in which case CA was chosen. Data on
the state of tooth eruption considered were not clearly specified in many trials.
Other dental caries data reported: caries incidence/attack rate (five trials), proportion of children
developing new caries (three trials).
Data on adverse effects: stain score (one trial), proportion of children with tooth staining (two
trials, incomplete data), signs of sensitivity in oral soft tissue (two trials, with the following
statement in one: "'no cases of mucosal hypersensitivity after periodical examinations of every
subject"; no baseline data given in the other), any side effects (three trials, none of which with
complete or useable data, and with the following statement in all three: "no adverse side effects
observed"). Fluorosis data have not been reported in any of the trials.
Data for unacceptability of treatment (as measured by drop outs/exclusions) were reported in two
of the non-placebo controlled trials. Actual unacceptability to the taste was reported in one trial,
with the following statement: "only an insignificant number withdrew because of unacceptance to
the taste".

Methodological quality of included studies
Based on 28 studies included in the topical fluoride reviews and randomly selected for assessment
of reproducibility and agreement between two reviewers, interrater reliability was excellent (89%)
for both allocation concealment and blinding, and agreement was good for allocation (kappa =
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0.61) and very good for blinding (kappa = 0.73).

There were clear differences in the quality of the studies in this review (using the reported
information and additional information obtained from investigators).
ALLOCATION CONCEALMENT
Three of the trials which described the randomisation process could be coded A (e.g. adequate
concealment of allocation). Twenty-nine included trials were described as randomised but provided
no description o f the allocation process and were coded B. Four trials were quasi-randomised and
coded C.
BLINDING
Twenty-nine trials were classified as double-blind (score A). Single-blinding (blind dental caries
assessment but no placebo used) was described in three trials (score B). Blind outcome assessment
was unclear/indicated in four trials (score C), one of which was a non-placebo controlled trial.
FOLLOW UP AND WITHDRAWALS
All the participants considered at the end of each study as a proportion of all the participants
present at start in all studies was 65% (12,980 analysed out of 20,066 randomised); this excludes
six studies with no data by group on participants randomised. Drop out rates could not be obtained
for four of the 36 included studies. There was considerable variation in drop out rates ranging from
10% at 3 years to 62% at 2.5 years.
Reasons for exclusions (when given) included moving away, absent for follow-up examinations,
and refusal to participate or poor compliance. A few trials reported the numbers excluded
according to reason for attrition.
OTHER METHODOLOGICAL FEATURES
Type of randomisation: stratified random allocation was used in at least 22 trials.
Units of randomisation: cluster randomisation was used in one trial (Ruiken 1987) where schools
were used as units of randomisation and children used as units of analysis. Individuals were
allocated to study arms in all other trials, and each participant's caries incidence, over a period of
time was used as the unit of analysis.
Baseline comparisons and handling of any differences: one trial did not report any baseline data,
another described as 'balanced' (for which randomisation may have succeeded to produce nearly
exact balance) did not report any of the actual values for the baseline characteristics (such as initial
caries levels). Some degree of imbalance was reported in a few trials (for characteristics considered
most influential, usually initial caries levels) and generally either described as not significant or that
adjustment had resulted in trivial differences in effect estimates.
Objectivity/reliability of primary outcome measurement: diagnostic methods used (clinical or
radiographic) were described in all studies, but thresholds/definitions used for caries and
monitoring o f diagnostic errors were not always reported {see 'Notes' in the 'Characteristics of
included studies' table for methodological features assessed).

Results
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EFFECT OF FLUORIDE MOUTHRINSE ON DENTAL CARIES INCREMENT
The effects of fluoride mouthrinses on dental caries increment (as measured by the DMF index)
were reported in a variety of 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 difference (SMD).
Estimates of the effects of fluoride mouthrinse on caries increment in deciduous teeth/surfaces (as
measured by the dmf index) could not be produced for this review, as there was no study
contributing data.
Two included studies (Brandt 1972; de Liefde 1989) did not contribute 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 12 of the 34 studies which contributed data
(Bastos 1989; DePaola 1977; Driscoll 1982; Finn 1975; Gallagher 1974; Heidmann 1992; Laswell
1975; McConchie 1977; Moreira 1972; Poulsen 1984; Ruiken 1987; van Wyk 1986). 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 increment) =
0.64 + 0.55 log (mean caries increment), (R-squared = 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 standard deviation data for three of the 13
trials reporting D(M)FT data (Bastos 1989; Finn 1975; McConchie 1977).
(1) Effect on tooth surfaces: D(M)FS PF
For all 34 trials combined, the D(M)FS PF pooled estimate was 0.26 (95% confidence interval
(Cl), 0.23 to 0.30; p < 0.0001), suggesting a substantial benefit from the use of fluoride
mouthrinse. The CIs are relatively narrow, and although not substantial, heterogeneity in results
could be observed statistically (Q = 55.62 on 33 degrees of freedom, p = 0.008).
For each study, the D(M)FS PF and 95% CIs can be viewed in the 'Other data' tables; the results of
the random effects meta-analysis of D(M)FS PFs (performed in Stata) are presented in 'Additional
Table 01 : Meta-analyses of prevented fractions'. Meta-analysis results are not presented stratified
by type of control group (placebo/no treatment) in this review, because only four non-placebo
controlled trials are included, but this factor might represent a strong indicator of study quality and
source of heterogeneity in the topical fluoride reviews, as suggested in the first review in this series
(Marinho 2002). Nevertheless, forest plots showing the effects of fluoride mouthrinses (PFs and
95% CIs) on D(M)FS increments resulting from a meta-analysis stratified by type of control group
are available in the 5th review in this series (whose results invigorate the discussion of the influence
of this factor on effect estimates): Topical fluoride (toothpastes, mouthrinses, gels or varnishes) for
preventing dental caries in children and adolescents (Comparison 01, Sub-categories 04 for
placebo-controlled mouthrinse trials, and 07 for rinse trials using no treatment controls).
Metaregression and sensitivity analyses: D(M)FS PF
Univariate metaregression suggested no significant association between estimates of D(M)FS
prevented fractions and the pre-specified factors: baseline caries severity, background exposure to
fluoridated water, background exposure to fluoride toothpaste, background exposure to any
fluoride source, fluoride concentration, or rinsing frequency. There was an association of'total
intensity of application per year' (frequency times concentration) with the prevented fi*action, but it
became non-significant when the trial of DePaola 1977, a study with high influence (an outlier).
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was excluded from the analysis.

Further univariate metaregression analyses showed no significant association between estimates of
D(M)FS prevented fractions and allocation concealment (random/quasi-random), blinding of
outcome assessment (blind/blind likely or unclear), type of control group (placebo/no treatment),
drop out rate, or length of follow up (duration of study).
Other potential effect modifiers have not been investigated (e.g. mode of mouthrinse use, since
virtually all trials were conducted in school settings under supervision).
Metaregression results for potential effect modifiers, are given in 'Additional Table 02; Random
effects metaregression analyses of prevented fractions: D(M)FS'. It should be noted that the
influential study by DePaola 1977 is omitted from the analysis intensity of application with
prevented fraction.
We performed a sensitivity analysis for the main meta-analysis of D(M)FS prevented fraction, to
take account of the additional uncertainty related to the cluster randomised trial by Ruiken 1987.
We inflated the variance of the prevented fraction estimate by an amount equal to (1 + (m-1) *
ICC), where m is the average cluster size and ICC the intraclass correlation coefficient. A
conservative value of 0.1 for the ICC was used since we could not find an ICC from this or any
similar trial. The D(M)FS PF pooled estimate was 0.26 (95% Cl, 0.23 to 0.30; p < 0.0001). These
results are identical to the analysis ignoring the cluster randomised design, since the estimate for
this trial is similar to the meta-analysis result and altering its weight has minimal effect.
We performed another sensitivity analysis by excluding one trial (Spets-Happonen 1991) in which a
non-fluoride active agent was present in both fluoride and control groups, making the trial different
in this way from all others that had been included. The D(M)FS PF pooled estimate resulting from
the exclusion of this trial was again identical to the analysis that includes it. This is a small trial that
carries 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 children needed to treat (NNT) to
prevent one D(M)FS were calculated based on the pooled D(M)FS PF and on the caries
increments in the control groups of the trials that contributed data to the meta-analysis. The overall
caries-inhibiting effect (%PF) derived from the pooled results of the 34 trials was 26% (95% Cl,
23% to 30%); the caries increments ranged from 0.25 to 7.02 D(M)FS per year. In populations
with a caries increment of 0.25 D(M)FS per year (at the lowest end of the results seen in the
included studies), this implies an absolute caries reduction of 0.065 D(M)FS per year, equivalent to
an NNT of 16 (95% Cl, 14 to 18): i.e. 16 children need to rinse with a fluoride mouthrinse (rather
than a non-fluoride mouthrinse) to avoid one D(M)FS. In populations with a caries increment of
2.14 D(M)FS per year (at the mid range of the results seen in the included studies), this implies an
absolute caries reduction of 0.56 D(M)FS per year, equivalent to an NNT of 1.8 (95% Cl, 1.6 to
2): i.e. two children need to rinse with a fluoride mouthrinse to avoid one D(M)FS.
Funnel plot and test for funnel plot asymmetry: D(M)FS PF
A funnel plot of the 34 trials reporting D(M)FS PFs does not look asymmetrical, and the weighted
regression test for asymmetry (Egger 1997) was not statistically significant (asymmetry intercept
(95% Cl) = -0.84 (-2.02 to 0.35) (p = 0.16)). There is, therefore, no evidence of bias.
The funnel plot of the 34 trials comparing fluoride mouthrinse with placebo/no treatment is
available in 'Additional Figure 01', where D(M)FS standardized mean differences are ploted against
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standard errors (see 'Alternative treatment effect measure' below).
(2) Effect on whole teeth: D(M)FT PF
Thirteen trials reported data which allowed the calculation of the D(M)FT PF. All 13 are also
included in the analysis of D(M)FS PF. The results of this analysis are very similar to those
reported above.
The pooled estimate of D(M)FT PF was 0.24 (95% Cl, 0.18 to 0.30; p < 0.0001), suggesting,
again, a substantial benefit of fluoride mouthrinse, within relatively narrow CIs. Heterogeneity
between trials (Q = 26.04 on 12 degrees of freedom, p = 0.01) was not substantial, although
statistically significant.

For each study, the D(M)FT PF and 95% Cl can be viewed in the 'Other data' tables. The results of
the random effects meta-analysis of D(M)FT PFs performed in Stata are also presented in
'Additional Table 01 : 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 materially similar results to those
using PFs (the difference in mean caries increments between the treatment and control groups
divided 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 34 trials, the pooled D(M)FS SMD estimate was 0.30 (95% Cl, 0.24 to 0.36; p < 0.0001).
There was heterogeneity between trials (chi squared = 93.00 on 33 degrees of freedom, p <
0.0001). The results of this analysis are similar to that of the random effects meta-analysis of
D(M)FS PF (the slight inconsistency 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 13 trials that contributed data was 0.28 (95%
Cl, 0.20 to 0.37; p < 0.0001). There was statistically significant heterogeneity (chi squared = 26.13
on 12 degrees of freedom, p = 0.01). These results are also consistent with those found in the
random effects meta-analysis of D(M)FT PF.
Effect on deciduous dentition
None of the included trials reported on caries increment in deciduous teeth/surfaces.
EFFECT OF FLUORIDE MOUTHRINSE ON OTHER OUTCOMES
A few trials report data for other relevant outcomes {see 'Outcome measures' under Description of
studies' section). Some of these are simply other measures/indices for dental caries increment in
permanent teeth/surfaces and require no further consideration; three 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 on adverse effects give no useable or
incomplete data for analysis. Data for unacceptability of treatment (as measured by drop outs) were
reported in two of the non-placebo controlled trials. Meta-analyses results for these are also
described below.
Proportion of children developing new caries
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Three trials reported results on the proportion of children developing one or more new caries (Finn
1975; Heidmann 1992; Torell 1965). The pooled estimate (random effects meta-analysis) of the
odds ratio was 0.61, with no heterogeneity in the results (95% Cl, 0.41 to 0.90; chi squared for
heterogeneity 3.76 on 2 degrees of freedom, p = 0.15). This corresponds to an NNT to prevent
one child from developing caries of 9 (95% Cl, 6 to 39) in a population with a caries risk the same
as that found in the control groups in these trials (nine children using fluoride mouthrinse for 2 to 3
years will prevent new caries development in one child).
Unacceptability of treatment (drop outs/exclusions)
The pooled estimate of the odds ratio of dropping out from the mouthrinse as opposed to the non
treatment arm in the two non-placebo controlled trials that reported drop outs (Craig 1981;
Moreira 1981) was 1.26 (95% Cl, 0.60 to 2.64). There was no heterogeneity in these results (chi
squared = 1.43 on 1 degree of freedom, p < 0.23).

Discussion
The main aim of this review was to estimate the effects on dental caries of using fluoride
mouthrinse in children compared to placebo or no treatment. Over 14,600 children were included
in the trials comparing a fluoride mouthrinse with a placebo or no treatment. For almost all children
the fluoride rinse they received was a Sodium Fluoride (NaF) formulation, provided in supervised
school-based mouthrinsing programmes, often either on a daily or weekly/fortnightly basis.
Fluoride mouthrinsing at these two rinse frequencies and two main different strengths (230 ppm
F/900 ppm F) has proven a versatile method of self applied topical fluoride use, and an effective
method when used regularly over time under supervision.
An average caries reduction in terms of decayed, missing and filled tooth surfaces (DMFS) of
about 26% can be expected from the use of this method. The meta-analysis of the 34 studies
assessing the effect of fluoride mouthrinse on the permanent dentition suggests that this reduction
falls within narrow confidence intervals (23 to 30%). This would correspond to a number needed
to treat (NNT) of 1.8 to avoid one D(M)FS per year in a child population with a caries increment
of 2.14 D(M)FS per year (in the middle range of control group rates for included studies), or an
NNT of 15.4 for children from a population with a caries increment of 0.25 D(M)FS per year (at
the lowest end of the observed range). This means that two children need to rinse with a fluoride
mouthrinse (rather than a non-fluoride mouthrinse) to prevent one decayed, missing or filled tooth
surface, in a child population with a high caries increment per year. In populations with caries
increment as low as 0.25 D(M)FS per year, 16 children will need to use a fluoride mouthrinse to
avoid one D(M)FS.
A secondary aim of this review was to examine whether there was any relationship between the
caries-preventive effectiveness of fluoride mouthrinse and a number of factors including the initial
level of caries severity, background exposure to fluoride, and fluoride concentration and frequency
of use. We were unable to detect a clear relationship between any of these factors and the
magnitude of the treatment effect in spite of substantial variation between trials in these factors.
This result should, however, be interpreted with caution. Even a meta-analysis including 34 trials
has limited power to detect such relationships and, like all analyses of observational data, is subject
to the problem of potential confounding. For some factors such as 'background exposure to
fluoride' there is, in addition, the problem of potential misclassification due to the poor quality of
the reported data on exposure to fluoride other than in water. We were forced to make a number
of assumptions, for instance classifying 'use of fluoride toothpaste' for 16 of the studies on the basis
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of the year when the study was conducted and its location. We were also forced to treat this as a
dichotomous variable (before/after mid 1970s), although it is likely that use of fluoridated
toothpaste gradually increased during the 1960s, 1970s, and 1980s. Similarly we grouped exposure
to fluoride in toothpaste and fluoride in water into a single dichotomous variable which is likely to
group studies whose participants had quite different levels of baseline exposure. These problems
may bias any estimates of effect towards the null hypothesis. Nevertheless, these results suggest
that fluoride mouthrinse may still be of benefit after the advent of fluoride toothpaste, and in both
fluoridated and non-fluoridated areas.
We did observe a significantly greater treatment effect with increased total intensity (frequency
times concentration) of mouthrinse application. Although plausible, this relationship was however
dependent on the inclusion of one study with particularly powerful effects (DePaola 1977). After
exclusion of this study in a sensitivity analysis no significant association was seen with this factor.
It should be noted that in the majority of studies where mouthrinse was performed once a week (or
once every 2 weeks), a rinse employing higher fluoride concentrations (usually 900 ppm F) was
used (16 trials). Conversely, in most studies where rinsing was performed once (or twice) a day a
lower fluoride concentration (usually 230 ppm F) was used (13 trials). Moreover, in five multiarm
studies investigating both combinations of concentrations-frequencies (and in seven studies testing
the two main fluoride concentrations) we averaged this intensity score over fluoride treatment
groups to combine study results, a decision that may have slightly affected this particular
investigation of heterogeneity (and that of dose-response). Nevertheless, looking specifically at the
effectiveness of the two most commonly used fluoride mouthrinse regimens there might be little to
choose when the weaker (low concentration) is used as a daily rinse and the stronger (high
concentration) as a weekly or fortnightly rinse. This does not necessarily imply that when both
concentrations are used daily, or both are used as weekly/fortnightly rinses, they will have a similar
effect. A weaker solution may well give poorer results when used less frequently. More robust
investigations of these aspects of the intervention require direct, head-to-head comparisons of
different fluoride concentrations, frequencies and intensities, which were not within the scope of
this review.
We made a thorough attempt to investigate sources of heterogeneity in this review, examining
factors related to participants, interventions and study quality. None of the factors investigated was
clearly related to heterogeneity. Even though the type of control group (placebo/no treatment)
might represent a strong indicator of study quality and source of heterogeneity in the topical
fluoride reviews (Marinho 2002), a relationship between type of control group and prevented
fraction was not observed in this review, possibly due to the fact that only four non-placebo
controlled trials were included. Moreover, it should be pointed out that a generally high attrition
rate has been observed across the fluoride rinse trials (mean of 32%). Overall only 65% of all the
participants at start remained at the end of the studies and results are often based on compliant
subjects who actually completed the study. Thus, the issue of longer term compliance should not be
disregarded when administering such procedure.
We performed a sensitivity analysis for the main meta-analysis to take account of the additional
uncertainty we should have about the cluster randomised trial by Ruiken et al (Ruiken 1987). This
showed results (PF) identical to the analysis ignoring the cluster randomised design since the
estimate for this trial is similar to the meta-analysis result and altering its weight has minimal effect.
A degree of funnel plot asymmetry may be suggested by visual inspection, but the Egger test
provided no evidence of a significant relationship between trial size and effect estimate.
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We found little information about the effects of fluoride mouthrinses on other outcomes such as the
proportion of children developing new caries or on acceptability of fluoride rinsing. We found little
useful information about some possible adverse effects of the procedure. This lack of direct
evidence from clinical trials on relevant outcomes other than caries increment makes it more
difficult for clinicians and policy makers to weigh the benefits of fluoride mouthrinse use in
preventing caries against possible shortcomings of the procedure, be it provided in community
dental health programmes or in the home environment.

Review Manager 4.2.2

25/09/2003

Fluoride mouthrinses f o r preventing dental caries in children and adolescents (T

25

Reviewers' conclusions
Implications for practice
This review suggests that the regular and supervised use of fluoride mouthrinse by children is
associated with a clear reduction in caries increment. Compared to control groups, daily and
weekly/fortnightly rinse programmes result on average in 26% fewer decayed, missing, or filled
permanent tooth surfaces. We found no evidence that this relative effect was dependent on baseline
caries level or exposure to other fluoride sources, fluoride concentration and mouthrinsing
frequency, although this result should be interpreted with caution. A higher decayed, (missing) and
filled surface (D(M)FS) prevented fraction was shown with increased intensity of application
(frequency times concentration). This relationship was dependent on the inclusion of one study
with particularly powerful effect. Unfortunately the review does not provide useful information on
the likelihood o f significant side effects with the use of fluoride mouthrinse, and inconclusive
information on acceptability.

Implications for research
The quality of the trials included in this review is variable and many reports lacked important
methodological details. This is likely in part to be due to the fact that most are relatively old. Many
characteristics considered crucial for excluding bias, such as clearly stated randomisation and
allocation concealment, have only been more emphasised in later years, after most of the
mouthrinse trials were reported. However, given the clarity of the results, further randomised
comparisons of fluoride mouthrinse and placebo alone would be hard to justify. Head-to-head
comparisons of fluoride rinses and other preventive strategies may provide more useful
information. It is important that future trials should include the assessment of other relevant
outcomes such as potential side effects and those related to acceptability of treatment. The
evaluation of possible differences in effect associated to fluoride rinse application features, such as
frequency/concentration of application, should be based on trials that directly address the
comparison of such features.
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Characteristics of included studies
Study ID

Methods

Participants

Interventions

Outcomes

Ashley 1977

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.

488 children analysed at 2
years (available at final
examination).
Average age at start: 12
years.
Surfaces affected at start: 9.1
DFS.
Exposure to other fluoride:
no.
Year study began: 1973.
Location: UK.

FR+ptc versus PL+ptc**
(NaF group = 100 ppm F).

2yNetDFS increm ent (E+U)(NCA)cl+(ER)xr.
Reported at 2 years follow
up.

Bastos 1989

Review Manager 4.2.2

Stratified quasi-random
allocation; double-blind (A);
placebo-controlled; 45% drop
out after 2.5 years (study
duration = 2.5 years).
Reasons for high drop out

School use/supen ised, daily,
1 min.

20 ml applied for

420 children analysed at 2.5
FR (2 groups)** versus PL
years (after exclusions,
(SMFP group = 900 ppm F,
NaF group = 900 ppm F).
available at final
examination).
Age range at start: 9-12 years Schooluse/supervised.
(average = 10).
weekly, 10 ml applied for 1

PF-DFS.
MD-BL-DFS.
MD-DFS.
DFS (U).

2.5yDMFS increm ent (CA)(E).
Reported at 1, 1.5 and 2.5
year follow ups.
DM FT (E/U).

Notes

Allocation
concealment

Participants randomised
(numbers for relevant groups
NR).
Baseline characteristics (age,
DFS, DMFS, DMFT)
"balanced'.
Clinical (V) caries
assessment by 1 examiner
(FOTI used); diagnostic
threshold = NCA.
Radiographic assessment
(postBW) by 1 examiner;
diagnostic threshold = ER.
State of tooth eruption
included = E/U.
Intraexam iner reproducibilit)
checks for incremental caries
data (icc for clinical 0.95, for
radiographic 0.8); reversal
rate beween 12% and 7% of
observed DFS increment in
study groups.
** Prior toothbrushing with
non-fluoride toothpaste in
botli groups.
Participants randomised (N =
766).
Baseline characteristics
(DMFS, DMFT, dental age)
"balanced".
Clinical (VT) caries
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rate NR. Exclusions based on
'statistical reasons' (made 'at
random' to keep groups o f
equal sizes).

Surfaces affected at start: 10
DMFS (from sample
randomised).
Exposure to other fluoride:
none assumed.
Y ear study began: 1977.
Location: Brazil.

min.

O-DFS.
BL-DFS.
MD-DFS.
DMFS (U).
AntDMFS.
PostDMFS.
Side effects (incomplete
data).

B linkhom 1983
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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 w ithdrawn by
parents, 6 absent at final
examination; no differential
group losses.

374 children analysed at 3
years (available at final
examination).
Age range at start: 11-12
years.
Surfaces affected at start: 8.2
DMFS.
Exposure to other fluoride:
no.
Y ear study began: 1972.
Location: UK.

FR+ptc versus PL+ptc**
(NaF group = 230 ppm F).
School use/supenised, daily,
for half min.

3yNetDFS increment (E+U)(CA)cl+(DR)xr.
Reported at 3 years follow
up.
PF-DFS.
MD-BL-DFS.
MD-DFS.
PostMD-DFS.
DM FT (E/U).
Anterior DMFT.
Posterior DMFT.
DFS (U).

assessment by 2 examiners,
diagnostic threshold = CA.
State o f tooth eruption
included = E/U. Consistenc)
of diagnosis assessed by
duplicate exam inations
annually. Reversals were less
than 5% of DMFS
increments in all groups and
equally common.
** Study group o f sodium
monofluorphosphate solution
containing 4% o f ethanol not
considered.
Participants randomised (N =
414).
Baseline characteristics
(DMFS, DMFT, SAR)
'balanced' (DFS baseline data
NR).
Clinical (V) caries
assessment by 1 examiner,
diagnostic threshold = CA.
Radiographic assessment (1
postBW) by 1 examiner;
diagnostic threshold = DR.
State of tooth eruption
included = E/U.
Intraexam iner reproducibility
checks for increm ental
clinical and radiographic
caries data in 10% sample
(icc score 0.9).
** Prior toothbrushing with
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non-fluoride toothpaste in
both groups.

Brandt 1972

Craig 1981
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Random allocation;
double-blind (A);
placebo-controlled; 22% drop
out after 2 years (study
duration = 2 years). Reasons
for attrition described w ith
num bers by group: change o f
residence (18, 12), absent at
final exam ination (5, 7); plus
exclusions based on
compliance, presence in all
examinations, and for
statistical analysis; no
differential group losses.

246 children analysed at 2
years (after exclusions based
on compliance, present at all
examinations).
Average age at start: 11.5
years.
Surfaces affected at start: 7.9
DMFS (for sample present at
all examinations).
Exposure to other fluoride:
none assumed.
Year study began: 1969.
Location: UK.

Stratified random allocation; 97 children analysed at 2
single-blind (B);
years (available at final
non-placebo-controlled; 11% examination).
drop out after 2 years (study
Age range at start: 11-12
duration = 2 years). M ain
years.
reason for drop out: 12
Surfaces affected at start:
children left the participating 10.6 DFS.
school; no differential losses Exposure to other fluoride:
between groups.
toothpaste.
Year study began: 1977.
Location: New Zealand.

FR versus PL
(NaF group = 900 ppm F).
School use/superv ised, twice
a week, 10ml applied for 1
min.

FR+ptc versus NT+ptc**
(NaF group = 900 ppm F).

2yDFS scores* - (E+U).
Reported at 2 years follow
up.
DMFS.
DMFT.
PostMD-DMFS.
CFS.
CFT.

2yDFS increment - (CA).
Reported at 1 and 2 years
follow ups.

School use/supen ised,
fortnightly, 10 ml applied for
2 min.
O-DFS.
MD-DFS.
BL-DFS.
Drop out.

Participants randomised (N =
314).
Baseline characteristic
(DMFS) with some
imbalance.
Clinical caries assessment,
diagnostic threshold NR.
Radiographic assessment;
diagnostic threshold = NR.
State of tooth eruption
included = E/U. Diagnostic
errors NR.
* Only retrospectiv e matched
pair analyses results reported
(results for unadjusted
analyses not available, data
not suitable).
Participants randomised (N =
109).
Baseline characteristics
(DFS, dental age) "balanced".
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold = CA.
State o f tooth eruption
included NR. Reproducibilit}'
checks for incremental
clinical caries data in 15%
sample at each exam ination
(reversal rate less than 4%
for both examiners).
** Prior professional
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prophylaxes with
non-fluoride toothpaste in
both groups.
de Liefde 1989

DePaola 1977

Review Manager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; drop out
rate N R nor obtainable (study
duration = 3 years). Reasons
for attrition NR; any
differential group losses not
assessable.

262 children analysed after 3
years (available at final
examination).
Age range at start; 7-10 years
(average = 8).
Surfaces affected at start:
NR.
Exposure to other fluoride:
toothpaste assumed.
Year study began: 1984.
Location: New Zealand.

Random allocation;
double-blind (A);
placebo-controlled; 23% drop
out after 2 years (study
duration = 2 years). Natural
losses; any differential group
losses not assessable.

475 children analysed at 2
years (available at final
examination).
Age range at start: 10-12
years (average = 11.7).
Surfaces affected at start: 6.1
DFS.
Exposure to other fluoride:
none assumed***.
Y ear study began: in/before
1974.
Location: USA.

FR versus PL
(NaF group = 900 ppm F).
School use/supervised,
fortnightly.

2yDMFS final scores* (CA).
Reported at 3 years follow
up.
DMFT.

FR (2 groups) versus PL
(NH4F group = 1000 ppm F,
NaF group = 1000 ppm F).
School use/super\ised, daily,
5 ml applied for 1 min.

2yNetDFS increm ent (CA)cl+xr.
Reported at 2 years follow
up.
DFS (U).
Side effects (incomplete
data).

Participants randomised
(numbers NR).
Baseline
characteristics/values NR.
Clinical (VT) caries
assessment by 1 examiner;
diagnostic threshold = CA;
state of tooth eruption
included NR; diagnostic
errors NR.
* Only results of combined
non-randomised and
randomised groups reported
(separate results for placebo
group not available, data not
suitable).

B

Participants random ised (N =
614); numbers by group NR.
Baseline characteristics
(DFS) balanced'.
Clinical (VT) caries
assessment, diagnostic
threshold = CA; state of tooth
eruption included NR.
Radiographic assessment (4
postBW); diagnostic
threshold = ER; diagnostic
errors NR.
*** Although histor}' of prior
exposure to systemic F was
reported by nearly half of
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panel.
DePaola 1980

Driscoll 1982

Duany 1981

Review Manager 4.2.2

FR. versus PL
(NaF group = 230 ppm F).

Random allocation;
double-blind (A);
placebo-controlled; drop out
rate N R nor obtainable (study
duration = 2 years + 1 year
post-study period).
Exclusions based on
compliance and presence in
both follow-up examinations;
any differential group losses
not assessable.

271 children analysed at 2
years (after exclusions,
present for both
examinations).
Age range at start: 12-14
years (average = 13).
Surfaces affected at start:
NR.
Exposure to other fluoride:
toothpaste assumed.
Y ear study began: in/befbre
1977.
Location: USA.

Random allocation;
double-blind (A);
placebo-controlled; 46% drop
out after 2.5 years (study
duration - 2.5 years). M ain
reasons for high drop out
rate: children moving out or
withdrawn by parents; no
differential group losses.

524 children analysed at 2.5 FR (2 groups) \ ersus PL
years (present for entire trial
NaF Group 1: 230 ppm F,
period).
Average age at start: 12.8
daily.
NaF Group 2: 900 ppm F,
years.
Surfaces affected at start: 4.8 weekly.
DMFS.
Exposure to other fluoride:
School use/supervised, 10ml
applied for 1 min.
water (and toothpaste
assumed).
Y ear study began: 1977.
Location: USA.

Random allocation;
double-blind (A);
placebo-controlled; drop out

936 children analysed at 3
years.
Age range at start and

School use/super\ ised, daily,
10 ml applied for 1 min.

FR (3 groups) versus PL
(NaF groups = 100 ppm F,
225 ppm F, 450 ppm F).

2yNetDFS increment (CA)cU-xr.
Reported at 1 and 2 years
follow ups (and 1 year
post-treatment).

Participants randomised
(numbers NR).
Baseline characteristics (age,
dental age, DFS) described as
^balanced' (values NR).
Clinical (VT) caries
assessment by 2 examiners;
diagnostic threshold = CA;
state o f tooth eruption
included NR. Radiographic
assessment (2 postBW) by 2
examiners; diagnostic
threshold NR; diagnostic
errors NR.

B

2.5yNetDMFS increment.
Reported at 1.5 and 2.5 years
follow ups.

Participants random ised (N =
966).
Baseline characteristics
(DMFS) balanced'.
Clinical caries assessment
(VT) by 2 examiners;
diagnostic threshold NR.
State o f tooth eruption
included NR; differences
between examiners
assessment NS (but
reproducibility assessment
NR). Results presented
separately by exam iner
(combined results
considered).

B

Baseline characteristics
(DMFS) "balanced". O ther
data NR nor obtainable.

B

O-DMFS.
MD-DMFS.
BL-DMFS.

3yDMFS increment.
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Finn 1975

Gallagher 1974

Review Manager 4.2.2

rate not obtainable (study
duration = 3 years). Reasons
for attrition not obtainable;
any differential group losses
not assessable.

exposure to other fluoride not
obtainable.
Surfaces affected at start: 7
DMFS.
Year study began: in/befbre
1977.
Location: Puerto Rico.

Stratified random allocation;
indication o f blind caries
assessm ent (C);
placebo-controlled; 45% drop
out after 2 years (study
duration = 2 years). M ain
reason for high drop out rate:
276 children transferred to
non-participating schools;
exclusions based on presence
in both follow-up
exam inations; any
differential group losses not
assessable.

453 children analysed at 2
years (present in all
examinations).
Age range at start: 8-13 years
(average = 11.7).
Surfaces affected at start: 6
DMFS.
Exposure to other fluoride:
no.
Y ear study began: in/befbre
1972.
Location: USA.

Stratified quasi-random
allocation; double-blind (A);
placebo-controlled; 27% drop
out after 2 years (study
duration = 2 years). Natural
losses; exclusions based on

594 children analysed at 2
years (available at final
examination).
Age range at start: 11-13
years. Surfaces affected at
start: 7.3 DMFS (from

FR (2 groups) versus PL
(APF group = 200 ppm F,
NaF group = 100 ppm F).

2yNetDFS increment - cl+xr.
Reported at 2 years follow
up.

School use/super\ ised, twice
a day, 20 ml applied in 2
successive rinses of 30
seconds each (non-fluoride
toothpaste and appropriate
mouthrinse provided to all
for home use).

DMFS.
DMFT.

FR versus PL
(NaF group = 1800 ppm F).
School use/supervised,
weekly, applied for 1 min.

Proportion of children with
new DFS.

2yDMFS increment - (E+U).
Reported at 2 years follow'
up.
DMFT.
DT.

Participants randomised (N =
820); numbers by group NR.
Baseline characteristics
(DMFS, DMFT, age, gender)
"balanced' (DFS baseline data
NR).
Clinical (VT) caries
assessment by 1 examiner,
diagnostic threshold NR.
Radiographic assessment
(2-4 postBW + 4 anterior) by
1 examiner; diagnostic
threshold NR. State of tooth
eruption included NR.
D iagnostic errors NR.
Re\ ersals ranged beween 6%
and 16% of observed DMFS
increm ent in study groups for
combined clin+xr findings,
rates being higher in the test
groups.
Participants randomised (N =
809).
Baseline characteristics
(DMFS, DMFT, dental age)
"balanced".
Clinical (VT) caries

B

C

25/09/2003

32

F luoride m outhrinses f o r p rev e n tin g den tal ca ries in children an d adolescen ts (THESIS CHAPTER 6)

Heidmann 1992

Heifetz 1973

Review Manager 4.2.2

persistent swallowing of
rinse; no differential group
losses.

sample randomised).
Exposure to other fluoride:
none assumed.
Y ear study began: 1970.
Location: Canada.
Dental treatm ent level
(F/DMF): 42%.

Stratified random allocation;
double-blind (A);
placebo-controlled; 17% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition NR; any
differential group losses not
assessable.

1083 children analysed at 3
years.
Age range at start: 6-12 years
(average = 9).
Surfaces affected at start: 1.5
DMFS.
Exposure to other fluoride:
toothpaste.
Year study began: 1983.
Location: Denmark.
Dental treatm ent level
(F/DMF): 98%.

Stratified random allocation;
double-blind (A);
placebo-controlled; 56% drop
out after 2 years (study
duration = 2 years). Reasons
for high drop out rate

413 children analysed at 2
years (after exclusions,
present in all examinations).
Age range at start: 10-12
years.
Surfaces affected at start:

DF.

FR versus PL**
(NaF group = 900 ppm F).

3yCrude postDMFS
increm ent - (CA)(E+U)cl.

School use/supen ised,
fortnightly.

DMFS (U).
O-DMFS.
MD-DMFS.
BL-DMFS.
CIR - XT.
Proportion o f children with
new postMDDMFS.

FR (2 groups) versus PL (2
groups) (APF group = 3000
ppm F, NaF group = 3000
ppm F).
School use/supervised.

2yNetDMFS increment (E+U) cl+(ER)xr.
Reported at 1 and 2 years
follow ups.

assessment by 1 examiner,
diagnostic threshold NR.
State of tooth eruption
included = E/U. Diagnostic
erros NR.

Participants randomised (N =
1306); num bers by group
NR.
Baseline characteristics
(DMFS, SAR) balanced'.
Clinical (VT) caries
assessment by dentists at
public dental ser\ ice,
diagnostic threshold = CA.
Radiographic assessment (2
postBW) by 1 examiner;
diagnostic threshold = ER.
State o f tooth eruption
included (E/U).
Reproducibilit) o f diagnosis
assessed by duplicate
radiographic axam ination of
10% random sample (kappa
value 0.72).
** Both groups had been
using FR before study started.
Participants randomised (N =
947); numbers by group NR.
Baseline characteristics
(DMFS) 'balanced'.
Clinical (VT) caries
assessment by 2 examiners,

B

B
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Heifetz 1982

Horowitz 1971

Review Manager 4,2.2

described: high transiency o f
the population,
dissatisfaction w ith taste,
exclusions based on
compliance and presence in
both follow-up exam inations;
any differential group losses
not assessable.

10.8 DMFS.
Exposure to other fluoride:
none assumed.
Year study began: 1969.
Location: USA.

Random allocation;
double-blind (A);
placebo-controlled; 34% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition NR; any
differential group losses not
assessable.

598 children analysed at 3
years (present for entire trial
period).
Age range at start: 10-12
years.
Surfaces affected at start: 6.2
DMFS.
Exposure to other fluoride:
toothpaste.
Year study began: 1976.
Location: USA.

FR (2 groups) versus PL

Stratified random allocation;

256 children analysed at 1.6

FR versus PL

diagnostic threshold NR.
Radiographic assessment (5
postBW) by 2 examiners;
diagnostic threshold = ER.
State o f tooth eruption
included (E/U). Diagnostic
errors NR (but examiners
calibrated regularly).
Rev ersals ranged bew een 5%
and 10% of obser\ed DMFS
increm ent in study groups for
combined clin+xr findings,
rates being higher in the test
groups.

weekly, 8 ml applied tw ice
(16 ml) for 1 min.

NaF Group 1: 230 ppm F,
daily,
NaF Group 2: 900 ppm F,
weekly.
School use/supenised, 10ml
applied for 1 min.

3yNetDMFS increment (CA)(E)clin.
Reported at 1, 2 and 3 years
follow ups.
O-DMFS.
MD-DMFS.
BL-DMFS.

1 6yNetDMFS increm ent -

Participants randomised (N =
912); numbers by group NR.
Baseline characteristics
(DMFS) 'b alan ced '.
Clinical caries assessment
(VT) by 2 examiners;
diagnostic threshold = CA
(FOTI assessment - loss of
translucenc) on
transilum ination - for
approxim al surfaces.) State
o f tooth eruption included =
E: differences between
exam iners assessment NS
(but reproducibility
assessm ent NR). Results
presented separately by
exam iner (combined results
considered).
Participants random ised (N =

B

B
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Horowitz 1971a

Koch 1967
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double-blind (A);
placebo-controlled (PL);
48% drop out after 1.6 years
(study duration = 1 .6 years).
M ain reason for high drop
out rate described (transienc}'
o f schools' neighbourhoods);
exclusions based on presence
in follow-up examinations;
no differential group losses.

years (present for entire trial
period).
Age range at start. 6-7 years.
Surfaces affected at start: 0.9
DMFS (sample available at
end).
Exposure to other fluoride:
none assumed.
Year study began: 1967.
Location: USA.

Stratified random allocation;
double-blind (A);
placebo-controlled (PL);
45% drop out after 1.6 years
(study duration = 1.6 years).
M ain reason for high drop
out rate described (transienc)'
o f schools' neighbourhoods);
exclusions based on presence
in follow-up examinations;
no differential group losses.

208 children analysed at 1.6
years (present for entire trial
period).
Age range at start: 10-11
years.
Surfaces affected at start: 6.7
DMFS (sample available at
end).
Exposure to other fluoride:
none assumed.
Year study began: 1967.
Location: USA.

Stratified random
allocation***; double-blind
(A); placebo-controlled; 23%
drop out after 3 years (study
duration = 3 years + 2 years
p ost-intenention period).
N atural losses; no differential
group losses.

167 children analysed at 3
years (present for entire trial
period).
Age range at start: 9-11 years
(average = 10).
Surfaces affected at start:
14.5 DFS.
Exposure to other fluoride:
no.
Year s t u ^ began: 1962.
Location: Sweden.

(NaF group = 900 ppm F).
School use/supen ised,
weekly, 10 ml applied for 1
min.

FR versus PL
(NaF group = 900 ppm F).
School use/supenised,
weekly, 10 ml applied for 1
min.

FR versus PL
(NaF group = 2250 ppm F).

(E+U).
Reported at 1 and 1.6 years
follow ups.
DM FT (E/U).
DMFS (U).

1.6yNetDMFS increm ent (E+U).
Reported at 1 and 1.6 years
follow ups.
DMFT (E/U).
DMFS (U).

3yDFS increment (CA)(E)cl.
Reported at 1 and 3 years
School use/supen ised.
follow ups (and 2 years
fortnightly, 10 ml applied for post-treatment).
2 min.
DFT.
O-DFS.
MD-DFS.
BL-DFS.
CAR (annual).
Secondary caries.

34
493).
Baseline characteristics
(DMFS, DMFT) 'balanced'.
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold NR.
State of tooth eruption
included = E/U. D iagnostic
erros NR.

Participants randomised (N =
381).
Baseline characteristics
(DMFS, DM FT) 'balanced'.
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold NR.
State of tooth eruption
included = E/U. Diagnostic
erros NR.

B

Participants randomised (N =
217).
Baseline characteristics
(DFS, DFT, SAR) 'balanced'.
Clinical (VT) caries
assessment by 1 examiner;
diagnostic threshold = CA;
radiographic assessment (2
postBW) used as an aid but
not reported; state o f tooth
eruption included = E.
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Oral tissue inflammation
(incomplete data).

Koch 1967a

Koch 1967b

Review Manager 4.2,2

Stratified random
allocation***; double-blind
(A); placebo-controlled; 27%
drop out after 3 years (study
duration = 3 years). Natural
losses; no differential group
losses.

251 children analysed at 3
years (present for entire trial
period).
Age range at start; 6-8 years
(average = 7).
Surfaces affected at start: 5.6
DFS.
Exposure to other fluoride:
none assumed.
Y ear study began: 1962.
Location: Sweden.

Stratified random
251 children analysed at 3
allocation***; double-blind
years (present for entire trial
(A); placebo-controlled; 36% period).
drop out after 3 years (study
Age range at start: 7-11
duration = 3 years). Natural
years.
losses; no differential group
Surfaces affected at start: 7
losses.
DFS.
Exposure to other fluoride:
none assumed.
Y ear study began: 1962.

FR versus PL
(NaF group = 2250 ppm F).
School clinic/super\ ised, 3
times a year, 10 ml applied
for 2 min.

FR versus PL
(NaF group = 230 ppm F).
School clinic/superv ised, 3
times a year, 10 ml applied
for 2 min.

3yDFS increment (CA)(E)cl.
Reported at 1 and 3 years
follow ups.
DFT.
CAR (annual).
Secondaiy caries.

3yDFS increm ent (CA)(E)cl.
Reported at 2 years follow
up.
DFT.
CAR (annual).
Secondary caries.

Intraexam iner reproducibilit)'
checks for DFS in 10%
sample (icc over 0.98);
reversals vei) small in both
groups and equally common.
*** Allocation concealment
considered adequate by
consensus.
Participants random ised (N =
344).
Baseline characteristics
(DFS, DFT, SAR, TAR)
balanced'.
Clinical (VT) caries
assessment by 4 examiners;
diagnostic threshold = CA;
radiographic assessm ent (2
postBW) used as an aid but
not reported; state o f tooth
eruption included = E.
Diagnostic errors NR.
*** Allocation concealment
considered adequate by
consensus.

A

Participants random ised (N =
392).
Baseline characteristics
(DFS, DFT, SAR, TAR)
"balanced'.
Clinical (VT) caries
assessment by 2 exam iners;
diagnostic threshold = CA;
radiographic assessm ent (2
postBW ) used as an aid but

A
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Location; Sweden.

36
not reported; state o f tooth
eruption included = E.
*** Allocation concealment
considered adequate by
consensus.

Laswell 1975

McConchie 1977

Review Manager 4,2.2

Random allocation;
indication o f blind caries
assessm ent (C);
placebo-controlled; 44% drop
out after 2.4 years (study
duration = 2.4 years). M ain
reason for high drop out rate
NR. Exclusions based on
presence in follow-up
exam inations and on
compliance; no differential
group losses.

323 children analysed at 2.4
years (after exclusions,
present for entire trial
period).
Average age at start: 8.6
years.
Surfaces affected at start: 3
DMFS.
Exposure to other fluoride:
water.
Year study began: in/before
1971.
Location: USA.

Stratified random allocation;
double-blind (A);
placebo-controlled; 38% drop
out after 2 years (study
duration = 2 years + 1 year
post-intervention period).
M ain reason for high drop
out rate: children m o\ ed out
o f participating schools (plus
absenteeism). Exclusions
based on compliance; any
differential group losses not
assessable.

743 children analysed at 2
years (available at final
examination).
Average age at start: 10
years. Surfaces affected at
start: 6.2 DFS.
Exposure to other fluoride:
no.
Year study began: 1970.
Location: Canada.

FR (2 groups) versus PL

Participants randomised (N =
575).
Baseline characteristics
(DMFS, age) "balanced".
Clinical (VT) caries
assessm ent by 2 examiners,
diagnostic threshold = CA.
State of tooth eruption
included = E/U. Diagnostic
errors NR (results from only
1 exam iner reported).

B

Participants randomised (N =
2yNetDFS increment (E+U)cl+xr.
1202); numbers by group
Reported at 2 years follow up NR.
(and 1 >ear post-treatment).
Baseline characteristics
School use/super\ised, daily,
(DFS, DMFS, DMFT, SAR,
20 ml applied in 2 successive DMFS.
TAR, age) "balanced".
rinses 30 seconds each
DMFT.
Clinical (VT) caries
(non-fluoride toothpaste
Increments standardised to
assessment b> 2 examiners,
pro\ided to all for home use, 28 teeth and 122 surfaces
diagnostic threshold NR.
but no rinse provided).
(E/U).
Radiographic assessment
(postBW) by 2 examiners;
Children with tooth
diagnostic threshold NR.
staining/pigmentation,
State o f tooth eruption
unacceptance to the taste,
included = E/U. Diagnostic
side effects (incomplete
errors NR.

B

AFF Group 1: 200 ppm F,
daily.
AFF Group 2; 1000 ppm F,
weekly.
School use/super\’ised
(non-fluoride toothpaste
provided to all for home use,
but no rinse pro\ ided).

FR (2 groups) \ ersus FL
(SnF2 groups = 200 ppm F,
and 100 ppm F).

2.4yNetDFS increment (E+U).
Reported at 2.4 years follow
up.
DMFS (U).
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d a ta ).

M olina 1987

M o re ira 1972

Moreira 1981

Review Manager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; 62% drop
out after 2.5 years (study
duration = 2.5 years). M ain
reason for high drop out rate:
children moved out of
participating schools (during
1985 earthquake). No
differential group losses.

295 children analysed at 2.5
years (available at final
examination).
Age range at start: 5-13
years.
Surfaces affected at start: 4.3
DMFS.
Exposure to other fluoride:
data not obtained for
dentifrice or water.
Y ear study began: 1983.
Location: Chile.

Stratified quasi-random
200 children analysed at 2
allocation; double-blind (A); years (after exclusions,
non-placebo-controlled; 39% available at final
examination).
drop out after 2 years (study
duration = 2 years). Reasons Age range at start: 6.5-7.5
for attrition NR; no
years.
differential group losses (but Surfaces affected at start: 4.6
exclusions may have been
DMFS (from sample
based on 'statistical reasons', randomised).
made 'at random ' to keep
Exposure to other fluoride:
none assumed.
groups o f equal sizes, after
Year study began: 1968.
natural losses).
Location: Brazil.

Stratified quasi-random
allocation; single-blind (B);
non-placebo-controlled; 29%
drop out after 2.5 years
(study duration = 2.5 years).

164 children analysed at 2.5
years (available at final
examination).
Age range at start: 7-8 years.
Surfaces affected at start: 1.4

FR versus PL
(NaF group = 900 ppm F).
School use/super\'ised,
applied weekly.

FR (3 groups) versus PL**
(NaF group = 450 ppm F).

2.5yDMFS increment.
Reported at 2.5 years follow
up.

Participants randomised (N =
767).
Baseline characteristics
(DMFS, DMFT) 'balanced'.
Clinical (VT) caries
assessment, diagnostic
threshold NR. State of tooth
eruption included NR.
Consistenc) of diagnosis
assessed by duplicate
exam inations annually.
Diagnostic errors NR.

B

2yDMFS increment.
Reported at 1 and 2 years
follow ups.

Participants randomised (N =
330).
Baseline characteristics
(DMFS, dental age, age)
'balanced'.
Clinical (VT) caries
assessment, diagnostic
threshold NR. State o f tooth
eruption included NR.
Diagnostic errors NR.
** Rinsing w ith tap water
was carried out first, in all 4
groups (followed by another
rinse w ith tap w ater in the PL
group).

C

2.5yDMFS increment.
Reported at 2.5 years follow
up.

Participants randomised (N =
230).
Baseline characteristics
(DMFS, dental age, TAR)
'balanced'.

DMFT.

NaF Group 1: 3 times a
week.
NaF Group 2: weekly.
NaF Group 3: fortnightly.
School use/superv ised, 25 ml
applied in 2 successive rinses
of 30 seconds each.

FR versus NT
(NaF group = 900 ppm F).
School use/super\ised,
weekly, 20 ml applied in 2

CAR.

C
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Packer 1975

Petersson 1998

Poulsen 1984

Review Manager 4.2.2

R e a so n s fo r a ttritio n N R ;

D M FS.

ouoooooivo rinooo o f 30

differential group losses.

Exposure to other fluoride:
water.
Year study began: 1974.
Location: Brazil.

seconds each.

Drop out.

assessment by 1 examiner,
diagnostic threshold NR.
State of tooth eruption
included NR. Diagnostic
errors NR.

Random allocation;
indication o f blind caries
assessment (C);
placebo-controlled; 39% drop
out after 2.4 years (study
duration = 2.4 years). Main
reason for high drop out rate
NR. Exclusions based on
presence in follow-up
examinations and on
compliance; no differential
group losses.

285 children analysed at 2.4
years (after exclusions,
present for entire trial
period).
Average age at start: 8.7
years.
Surfaces affected at start: 6.6
DMFS.
Exposure to other fluoride:
no.
Y ear study began: in/befbre
1971.
Location: USA.

FR (2 groups) \ ersus PL

2.4yNetDFS increment (E+U).
Reported at 2.4 years follow
up.

Farticipants randomised (N =
464).
Baseline characteristics
(DMFS, age) 'balanced'.
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold = CA.
State o f tooth eruption
included = E/U. Diagnostic
errors NR (results from only
1 exam iner reported).

B

Random allocation;
double-blind (A);
placebo-controlled; drop out
rate NR nor obtainable (study
duration = 3 years). Reasons
for attrition NR. Any
differential group losses not
assessable.

139 children analysed at 3
years.
Average age at start: 13
years.
Siufaces affected at start: 1.3
DFS.
Exposure to other fluoride:
toothpaste.
Year study began: in/before
1994.
Location: Sweden.

3)])ostMD-DFS increment.
Reported at 3 years follow
up.

Farticipants randomised
(numbers NR).
Baseline characteristics
(DFS) 'balanced'.
Radiographic assessment (4
postBW) by 1 examiner;
diagnostic threshold = DR
and ER. Diagnostic errors
NR.

B

Stratified random allocation;
double-blind (A);
placebo-controlled; 8% drop
out after 3 years (study

365 children analysed at 3
FR versus FL
(NaF group = 900 ppm F).
years (available at final
examination).
Age range at start: 7-10 years School use/superv ised.

3yNetDMFS increment (CA)(E)cl.
Reported at 3 years follow
up.

Farticipants randomised (N =
398).
Baseline characteristics
(DMFS, erupted surfaces.

B

AFF Group 1: 200 ppm F,
daily.
AFF Group 2: 1000 ppm F,
weekly.

O lîttîo o l

DMFS (U).

School use/supervised
(non-fluoride toothpaste
provided to all for home use,
but no rinse prov ided).

FR versus FL
(NaF group = 200 ppm F).
School use/superv ised, for 3
days every 6 months (6 times
a year), 10 ml applied.

I’) oo»-i»o

25/09/2003

39

F luoride m outhrinses f o r p re v e n tin g d en ta l caries in children a n d adolescen ts (THESIS CHAPTER 6)

Radike 1973

Ringelberg 1979

Review Manager 4.2.2

duration = 3 years). Reasons
for attrition NR; no
differential group losses.

(average = 9).
Surfaces affected at start: 3.6
DMFS.
Exposure to other fluoride:
toothpaste.
Year study began: 1979.
Location: Denmark.

fortnightly, 10 ml applied.

Stratified random allocation;
double-blind (A);
placebo-controlled; 18% drop
out after 1.6 years (study
duration = 1 .6 years).
Reasons for attrition NR; no
differential group losses.

726 children analysed at 1.6
years (available at final
examination).
Age range at start: 8-13 years
(average = 10.4).
Surfaces affected at start: 4.9
DMFS.
Exposure to other fluoride:
water.
Year study began: in/befbre
1970.
Location: USA.
Dental treatm ent level
(F/DMF): 50%.

FR versus PL
(SnF2 group = 250 ppm F).

1.6yDMFS increment - cl+xr. Participants randomised (N =
Reported at 8 months and 1.6 890).
years follow ups.
Baseline characteristics
School use/supen ised, daily,
(DMFS, DMFT, age, gender)
60 ml applied in 3 successiv e DMFT.
'balanced'.
rinses of 10, 30, and 30
Clinical (VT) caries
seconds each (non-fluoride
Children with tooth
assessment by 2 examiners,
toothpaste prov ided to all for staining/pigm entation
diagnostic threshold NR.
home use, but no rinse
(incomplete data).
Radiographic assessment (4
provided).
postBW) by 2 examiners;
diagnostic threshold NR.
State of tooth eniption
included NR. Diagnostic
errors NR. Results of 1
exam iner chosen (findings of
both exam iners consistent
tliroughout).

Stratified random allocation;
double-blind (A);

527 children analysed at 2.5
years (available at final

FR (2 groups) versus PL (2
groups) (AmF group = 250

DMFS (U).
0-D M FS.
MD-DMFS.
BL-DMFS.
PostMDDMFS.

2.5yNetDMFS increment
(CA)cl + (DR)xr.

age) 'balanced'.
Clinical (VT) caries
assessment by dentists at
public dental serv ice,
diagnostic threshold = CA.
Radiographic assessment (2
postBW) by 1 examiner;
diagnostic tlweshold = DR.
State of tooth eruption
included (E/U).
Reproducibilit) of diagnosis
assessed by duplicate
radiographic axam ination of
10% random sample (kappa
value 0.72).

Participants randomised (N =
878).

B

B
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placebo-controlled; 40% drop
out after 2.5 years (study
duration = 2.5 years).
Reason(s) for attrition NR;
no differential group losses.

Ringelberg 1982

Rugg-Gunn 1973

Review Manager 4.2.2

Stratified random allocation;
double-blind (A);
placebo-controlled; 39% drop
out after 2 years (study
duration = 2 years).
Reason(s) for high drop out
related to "migratoiy" nature
o f community; no differential
group losses.

Stratified random allocation;
double-blind (A);
placebo-controlled; 12% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition described with

examination).
Average age at start: 11
years.
Surfaces affected at start: 4.3
DMFS.
Exposure to other fluoride:
no.
Year study began: 1973.
Location: USA.

1238 children analysed at 2
years (available at final
examination).
Average age at start: 12.5
years.
Surfaces affected at start: 4.7
DMFS.
Exposure to other fluoride:
toothpaste assumed.
Y ear study began: in/befbre
1979.
Location: USA.

434 children analysed at 3
years (available at final
examination).
Age range at start: 11-10
years. Surfaces affected at
start: 8.8 DMFS.

ppm F, NaF group = 250
ppm F).

Reported at 2.5 years follow
up.

School use/supervised, daily,
10 ml applied for 1 min.

DMFT.
Stain score.

FR (4 groups) versus PL
NaF Group 1: 230 ppm
daily.
NaF Group 2: 900 ppm
daily.
NaF Group 3: 230 ppm
weekly.
NaF Group 4: 900 ppm
weekly.

F,

2yNetDMFS increment.
Reported at 1.5 and 2.5 years
follow ups.

F,

PostMD-DFS.

F,
F,

School use/super\ised, 10ml
applied for 1 min.

FR versus PL
(NaF group = 230 ppm F).
School use/supervised, daily,
7.5 ml applied for 2 min.

3yNetDMFS increment (E+U)(CA)cl+(DR)xr.
Reported at 1, 2 and 3 years
follow ups.
DMFT (E/U).

Baseline characteristics
(DMFS, DMFT) 'balanced'.
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold = CA.
Radiographic assessment (5
BW) by 2 examiners;
diagnostic threshold = DR.
State of tooth eruption
included NR. Re\ ersal rate
between 4 and 9% of
obser\ed caries increm ent in
the groups.
Participants randomised (N =
2014).
Baseline characteristics
(DMFS) with some
imbalance but "adjustment
made no difference in the
results".
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold NR.
Radiographic assessment by
2 examiners; diagnostic
threshold NR. State of tooth
eruption included NR.
Diagnostic errors NR.

B

Participants random ised (N =
491).
Baseline characteristics
(DMFS, DM FT, gender,
exposure to fluoride
toothpaste ) "balanced'.

B
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respective total numbers: 1
found it difficult to rinse, 56
moved away or were absent
from school at final
exam ination; no differential
group losses.

Exposure to other fluoride:
no.
Year study began: in/befbre
1969.
Location: UK.

PF-DMFS.
FS-DMFS.
AntMD-DMFS.
PostMD-DMFS.
DMFS (U).
Signs of sensitivit}' in oral
mucosa.

Ruiken 1987

Review Manager 4,2.2

Cluster random allocation;
207 children analysed at 3
indication o f blind caries
years (present at final
examination, for w hich there
assessment (C);
non-placebo-controlled; 59% were readable x-rays).
drop out after 3 years (study
A \erage age at start: 8 years.
duration = 3 years). M ain
Surfaces affected at start: 2.7
reasons for attrition: natural
DFS.
losses and results reported
Exposure to other fluoride:
only for chidren with
toothpaste, tablets.
readable x-rays; an)
Year study began: 1981.
differential group losses not
Location: The Netherlands.
assessable.

FR versus NT
(NaF group = 900 ppm F).
School use/super\ised,
weekly, 10ml applied for 1
min.

3yNetDFS increment - cl+xr.
Reported at 3 years follow
up.

Clinical (V) caries
assessment by 1 examiner,
diagnostic threshold =
CA/NCA. Radiographic
assessment (2postBW) by 1
examiner; diagnostic
threshold = ER. State of
tooth eruption included =
E/U. Intraexam iner
reproducibilit)' checks for
incremental caries data in
10% sample (icc score 0.9 for
DMFS).
Reversal rate 4% and 7% of
observed DMFS increment in
control and study groups
respectivel).
Schools (N = 29) randomised
(and 2nd grade children in
these taken as units of
analysis); number o f chidren
by group NR.
Baseline characteristics
(DFS, erupted surfaces, age)
described as "balanced'.
Clinical (V) caries
assessment by 2 examiners;
diagnostic threshold =
CA/NCA; state o f tooth
eruption included NR.
Radiographic assessment (2
postBW) by 2 examiners;
diagnostic threshold =
DR/ER; partial recording.

B
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Diagnostic errors NR.
Spets-Happonen 1991

Torell 1965

Review Manager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; 17% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition NR; differential
group losses not assessable
but "greatest proportion of
drop outs in the fluoride
group".

Random allocation;
single-blind (B);
non-placebo-controlled;
17% drop out rate after 2

95 children analysed at 3
years (available at final
examination).
Average age at start; 11
years. Surfaces affected at
start: 5.8 DMFS (from 1 y
sample).
Exposure to other fluoride:
varnish (toothpaste assumed).
Year study began: 1985.
Location: Finland.

494 children analysed at 2
years (available at final
examination).
Average age at start: 10

FR(Chlor)+ptc versus
PL(Chlor)+ptc **
(NaF mouthrinse = 180 ppm
F).
School use/supervised, 5 days
every 3 weeks, 5 ml applied
for 1 min. Same schedule at
home (but no instruction for
use of toothpaste).

FR (2 groups) versus NT

3yDMFS increment (CA)cl+(DR)xr.
Reported at 3 years follow
up.

Participants randomised
(numbers NR).
Baseline characteristics
(DMFS, gender) with some
imbalance, but "adjustment
made no difference in the
results".
Clinical (VT) caries
assessment by 2 examiners;
diagnostic threshold = CA
(FOTl assessment - loss of
translucency on
transilum ination - for
approximal surfaces of
anterior teeth); state of tooth
eruption included NR.
Radiographic assessment;
diagnostic threshold = DR ;
kappa 0.7 and 0.79 for interand intra-exam iner
reliabilit).
** Chlorhexidine present in
both, the fluoride and the
non-fluoride mouthrinse
(thus, other outcomes, such
as tooth staining, not relevant
for the comparison of
interest). Prior toothbrushing
without toothpaste done.

2yDMFS increment - (CA)cl. Participants randomised (N =
597).
NaF Group 1: 230 ppm F, 10 Reported at 1 and 2 years
Baseline characteristics
ml applied daily,
follow ups.
(DMFS, MD-DMFS)

B

B
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years (study duration = 2
years. Surfaces affected at
years). Natural losses mainly; start: 14.5 DMFS (from
sample randomised).
no differential group losses.
Exposure to other fluoride:
none assumed.
Y ear study began: 1962.
Location: Sweden.

van W vk 1986

Stratified random allocation;
double-blind (A);
placebo-controlled; 38% drop
out after 3 years (study
duration = 3 years). Reasons
for attrition described \\ith
respective total numbers,
m ain reasons: changing o f
school and scholastic failure;
no differential group losses.

569 children analysed at 3
years (available at final
examination).
Age range at start: 12-13
years. Surfaces affected at
start: 1.6 DFS.
Exposure to other fluoride:
no.
Year study began: 1981.
Location: South Africa.

unsupervised at home
(instructed to be done after
MD-DMFS.
toothbrushing ).
FS.
NaF Group 2: 900 ppm F, 10
Proportion of children with
ml applied fortnightly,
supervised at school.
new carious lesions - (U)xr.

"balanced'.
Clinical (VT) caries
assessment by 2 examiners,
diagnostic threshold = CA;
radiographic assessment
(BW) by 2 examiners;
diagnostic threshold = DR.
State o f tooth eruption
included NR. Inter- and
intra-exam iner
reproducibility checks done
for clinical caries in 4 and
2% sample respecti\ ely;
duplicate exam ination of
x-rays records done and any
discrepancies discussed
before final diagnosis.

FR (2 groups) versus PL
(NaF groups = 900 ppm F
and 230 ppm F).

Participants randomised (N =
925).
Baseline characteristics
(DFS, gender) "balanced'.
Clinical (VT) caries
assessment by 1 examiner,
diagnostic threshold = CA.
State of tooth eruption
included NR. Intraexam iner
reproducibility checks for
increm ental caries data in
40% sample (icc score 0.91).

School use/supenised,
weekly, 10ml applied for 1
min.

2yNetDFS increment (CA)cl.
Reported at 1, 2 and 3 years
follow ups.

B

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 o f 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
Review Manager 4.2.2
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groups relevant to the review when data were available).
Istm =first permanent molar; Am F = amine fluoride; APE = acidulated phosphate fluoride; CA
= lesions showing loss o f enamel continuity that can be recorded clinically (undermined enamel,
softenedfloor/Svalls) or showingfrank cavitation; CAR = caries attack rate; CIR = caries
incidence rate; CES = caries-free surfaces; CFT= caries-free teeth; Chlor = chlorhexidine
diguclonate; cl = clinical examination; d(e)ft 's = decayed, (extracted) and filled deciduous teeth
or surface; dmft/s = decayed, missing (or extracted) a n d file d deciduous teeth or surface;
D(M)FS'T = decayed, (missing ) a n d file d permanent surfaces or teeth; DR = radiolucency into
dentin; E = teeth erupted at baseline; ER = any radiolucency in enamel enamel-dentin junction;
F =fluoride; FR =fluoride mouthrinse; icc intraclass correlation coefficient (for interrater
reliability); NH4F = Ammonium fluoride; M = missing permanent teeth; MD = mesio and distal
surfaces; N == numbers; Na = sodium; NaF = sodium fluoride; NCA = non-cavitated enamel
lesions visible as white spots or discoloured fissures; NR = not reported; NS = not significant; NT
= no treatment control; O = occlusal surfaces; PE = pit and fissure surfaces; PL = placebo
mouthrinse; post BW ^ posterior bite-wing x-ray assessment; ppm F = parts per million o f
fluoride; ptc ^ prior tooth-cleaning performed with or without a non-fluoride paste; SMFP =
sodium rhonofluorophosphate; SnF2 = stannous fluoride; U = teeth unerupted at baseline; VT =
visual-tactile assessment; xr = radiographic examination.
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Characteristics of excluded studies
Study ID

Reason for exclusion

Aasenden 1972

Fluoride solution swallowed after rinsing (even though no systemic
effect should be anticipated for this age group).

Arcieri 1981

Random or quasi-random allocation not stated. Blind outcome
assessment not stated.

Axelsson 1976

Additional fluoride-based intervention associated to fluoride
mouthrinse. Blind outcome assessment not stated.

Badersten 1975

Additional non-fluoride based intervention associated to fluoride
mouthrinse. Random or quasi-random allocation not stated or
indicated. Blind outcome assessment not stated or indicated.

Birkeland 1973

Length of follow up of less than I year/school year. Relevant outcomes
not reported. Blind outcome assessment not stated.

Bohannan 1985a

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Boyd 1985

Additional fluoride-based intervention associated to fluoride
mouthrinse. Clearly not randomised or quasi-randomised. Length of
follow up of less than 1 year/school year.

Bristow 1975

Additional interventions associated to fluoride mouthrinse. Only two
clusters (schools), each assigned to one of the two study groups.

Brodeur 1989

Open outcome assessment.

Castellanos 1983

Open outcome assessment reported after contacting author.

Chikte 1996

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Clark 1985a

Clearly not randomised or quasi-randomised (concurrent control group
taken from another study).

Corpus 1973

Clearly not randomised or quasi-randomised (systematic allocation
according to participants' characteristics). Blind outcome assessment
not stated or indicated.

de Canton 1983

Additional fluoride and non-fluoride based interventions associated to
fluoride mouthrinse. Random or quasi-random allocation not stated.

DePaola 1967

Additional fluoride-based intervention associated to fluoride
mouthrinse. Blind outcome assessment not stated.

Disney 1989

Additional non-fluoride based intervention associated to fluoride
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mouthrinse. Random or quasi-random allocation not stated or
indicated. Blind outcome assessment not stated or indicated.
Esteva Canto 1991

Clearly not randomised or quasi-randomised. Blind outcome
assessment not stated or indicated.

Fernandez 1979

Open outcome assessment. Random or quasi-random allocation not
stated or indicated.

Frankl 1972

Fluoride solution swallowed after rinsing (even though no systemic
effect should be anticipated for this age group).

Gray 1980

Additional fluoride-based intervention associated to fluoride
mouthrinse.

Heifetz 1979

Additional fluoride-based intervention associated to fluoride
mouthrinse.
Note - Inappropriate 'placebo' used.

Irmisch 1974

Additional active agent associated to fluoride in mouthrinse. Random
or quasi-random allocation not stated or indicated. Blind outcome
assessment not stated or indicated.

Ivanova 1990

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Kan: 1973

Random or quasi-random allocation not stated. Blind outcome
assessment not stated.

Kasakura 1966

Random or quasi-random allocation not stated. Blind outcome
assessment not stated or indicated.

Kitsugi 1978

Additional intervention associated to fluoride mouthrinse.

Kunzel 1978

Only two clusters (schools), each assigned to one of the two study
groups. Blind outcome assessment not stated or indicated.

Louw 1995

Random or quasi-random allocation to groups not stated or indicated.
Blind outcome assessment not stated or indicated.

Luoma 1978

Additional fluoride-based intervention associated to fluoride
mouthrinse.

McCormick 1970

Random or quasi-random allocation not stated.
Note - Only post-treatment effects reported.

Mendonca 1995

Open outcome assessment reported after contacting author.

Morgan 1998

Additional non-fluoride based intervention associated to fluoride
mouthrinse. Blind outcome assessment not stated.

Morozova 1983

Additional intervention associated to fluoride mouthrinse. Random or
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quasi-random allocation not stated or indicated. Blind outcome
assessment not stated or indicated.
Ramos 1995

Open outcome assessment.

Roberts 1948

Clearly not randomised or quasi-randomised (concurrent control group
selected by matching procedure).

Rodriguez Miro 1983

Additional active agent associated to fluoride in mouthrinse. Only three
clusters (school classes), each assigned to one of the three
interventions compared.

Suntsov 1991

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.
Note - Only post-treatment effects reported.

Swerdloff 1969

Length of follow up of less than 1 year/school year.

Weisz 1960

Clearly not randomised or quasi-randomised (concurrent control group
taken from a different population). Open outcome assessment.

Widenheim 1989

Clearly not randomised or quasi-randomised (concurrent control group
taken from a different population). Open outcome assessment.

Wilson 1978

Random or quasi-random allocation not stated.

W ycoff 1991

Clearly not randomised or quasi-randomised. Blind outcome
assessment not stated or indicated.

Zickert 1982

Additional fluoride-based intervention associated to fluoride
mouthrinse.
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References to studies
Included studies
Ashley 1977

{published data only}

Ashley FP, Mainwaring PJ, Emslie RD, Naylor MN. Clinical testing of a mouthrinse and a dentifrice
containing fluoride. A two-year supervised study in school children. British Dental Journal
1977;143:333-8.

Bastos 1989

{published and unpublished data}

Bastos JR, Viegas AR, Lopes ES. Comparison between the use of 0.2% sodium fluoride solutions,
0.7% sodium monofluorophosphate solutions and 0.7% sodium monofluorophosphate solutions in
4% alcohol, in weekly rinsing, in the prevention of dental caries. Results after 12 months
[Comparacao entre o uso de solucoes de fluoreto de sodio a 0,2%, monofluorfosfato de sodio a
0,7% e monofluorfosfato de sodio a 0, 7% em alcool a 4%, em bochechos semanais, na prevencao
de carie dentaria. Resultados de 12 meses]. Revista da Associacao Paulista de Cirurgioes Dentistas
1981;35:390-5.
* Bastos JRM. Comparaçâo entre uso de soluçoes de fluoreto de sodio a 0.2%, monofluorfosfato de
sodio a 0.7% e monofluorfosfato de sodio a 0.7% em alcool a 4%, em bochechos, na prevençào da
carie dentâria [dissertation]. Sào Paulo (SP): Universidade de Sào Paulo, 1979.
Bastos JRM, Lopes ES. Bochechos com fluoreto s: efeito anticariogenico de bochechos semanais
com solucoes de fluoreto de sodio ou monofluor fosfato de sodio, apos 32 meses em escolares de
9-12 anos de idade [Fluoride mouthwashes: anticaries effectiveness of a weekly mouthrinsing
program using sodium fluoride or sodium monofluorphosphate after 32 months in schoolars from 9
to 12 years old]. Revista da Associacao Paulista de Cirurgioes Dentistas 1989;43:34-6.
Bastos JRM, Viegas AR, Lopes ES. Solucoes de fluoreto de sodio a 0,2 por cento,
monofluorfosfato de sodio a 0,7 por cento e monofluorfosfato a 0,7 por cento, em alcool a 4 por
cento, em bochechos semanais, na prevencao da carie dentaria: resultados de 20 meses [Weekly
mouthwashing in caries prevention using solution of NaF 0.2 percent, 0.7 percent in alcohol 0.4
percent: results after 20 months (comparative study)]. Revista da Associacao Paulista de Cirurgioes
Dentistas 1986;40:443-5.

Blinkhorn 1983

{published and unpublished data}

Blinkhom AS, Holloway PJ, Davies TG. Combined effects of a fluoride dentifrice and mouthrinse
on the incidence of dental caries. Community Dentistry and Oral Epidemiology 1983;11:7-11.

Brandt 1972

{unpublished data sought but not used}

Brandt RS, Slack GL, Waller DF. The use of a sodium fluoride mouthwash in reducing the dental
caries increment in eleven year old English school children. Proceedings of the British Paedodontic
Society 1972;2:23-5.
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Craig 1981

(published and unpublished data}

* Craig EW, Suckling GW, Pearce El. The effect of a preventive programme on dental plaque and
caries in school children. New Zealand Dental Journal 1981;77:89-93.
Pearce El, Craig EW, Suckling GW. Stability of fluoride levels in surface layer of normal enamel
during a 21-month fluoride mouthrinsing program. Community Dentistry and Oral Epidemiology
1980;8:396-400.

de L iefde 1989

(published and unpublished data}

de Liefde B. Identification and preventive care of high caries-risk children: a longitudinal study. New
Zealand Dental Journal 1989;85:112-6.

DePaola 1977

(published data only}

DePaola PF, Soparkar P, Foley S, Bookstein F, Bakhos Y. Effect of high-concentration ammonium
and sodium fluoride rinses on dental caries in schoolchildren. Community Dentistry and Oral
Epidemiology 1977;5:7-14.

DePaola 1980

(unpublished data sought but not used}

* DePaola PF, Soparkar M, Van Leeuwen M, DeVelis R. The anticaries effect of single and
combined topical fluoride systems in school children. Archives of Oral Biology 1980;25:649-53.
Lu KH, Porter DR, Pickles TH. Separate and combined cariostatic effects of fluoride gel and rinse
[abstract]. Journal of Dental Research 1980;59:947.

Driscoll 1982

(unpublished data sought but not used}

* Driscoll WS, Swango PA, Horowitz AM, Kingman A. Caries-preventive effects of daily and
weekly fluoride mouthrinsing in a fluoridated community: final results after 30 months. Journal of
the American Dental Association 1982;105:1010-3.
Driscoll WS, Swango PA, Horowitz AM, Kingman A. Caries-preventive effects of daily and weekly
fluoride mouthrinsing in an optimally fluoridated community: findings after eighteen months.
Pediatric Dentistry 1981;3:316-20.

Duany 1981

(published data only}

* Wallenstein S, Fleiss JL, Chilton NW. Confidence intervals for percentage reduction in caries
increments [Describes Duany L, Zinner DD, and Chilton, NW: unpublished study]. Journal of Dental
Research 1982;61:828-30.

Finn 1975

(published data only}

Finn SB, Moller P, Jamison H, Regattieri L, Manson Hing L. The clinical cariostatic effectiveness of
two concentrations of acidulated phosphate-fluoride mouthwash. Journal of the American Dental
Association 1975;90:398-402.
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G allagh er 1974

{published data only}

Gallagher SJ, Glassgow I, Caldwell R. Self-application of fluoride by rinsing. Journal of Public
Health Dentistry 1974;34:13-21.
H eidm an n 1992

(published and unpublished data}

* Heidmann J, Poulsen S, Arnbjerg D, Kirkegaard E, Laurberg L. Caries development after
termination of a fluoride rinsing program. Community Dentistry and Oral Epidemiology
1992;20:118-21.
Heidmann JM, Arnbjerg D, Poulsen S, Kirkegaard E, Laurbjerg L. Kariesudvikling hos en gruppe
danske skolebom efter ophor af systematiske fluorskylninger [Development of caries in a group of
Danish school-age children after cessation of systematic fluoride rinsing]. Ugeskr Laeger
1993;155:2995-8.
H eifetz 1973

(published data only}

Heifetz SB, Driscoll WS, Creighton WE. The effect on dentalcaries of weekly rinsing with a neutral
sodium fluoride or an acidulated phosphate-fluoride mouthwash.Journal of the American Dental
Association 1973;87:364-8.
H eifetz 1982

(published and unpublished data}

* Heifetz SB, Meyers RJ, Kingman A. A comparison of the anticaries effectiveness of daily and
weekly rinsing with sodium fluoride solutions: final results after three years. Pediatric Dentistry
1982;4:300-3.
Heifetz SB, Meyers R, Kingman A. A comparison of the anticaries effectiveness of daily and weekly
rinsing with sodium fluoride solutions: findings after two years. Pediatric Dentistry 1981;3:17-20.
Heifetz SB, Meyers RJ, Kingman A. A comparison of the anticaries effectiveness of daily and
weekly rinsing with sodium fluoride solutions: Final results after 3 years [abstract]. Journal of Dental
Research 1981;60:471.
H orow itz 1971

(published data only}

Frandsen AM, McClendon BJ, Chang JJ, Creighton WE. The effect of oral rinsing with sodium
fluoride on the gingiva of children. Scandinavian Journal of Dental Research 1972;80:445-8.
Horowitz HS, Creighton WE, McClendon BJ. The effect on human dental caries of weekly oral
rinsing with a sodium fluoride mouthwash: a final report. Archives of Oral Biology 1971;16:609-16.
H orow itz 1971a

(published data only}

Frandsen AM, McClendon BJ, Chang JJ, Creighton WE. The effect of oral rinsing with sodium
fluoride on the gingiva of children. Scandinavian Journal of Dental Research 1972;80:445-8.
Horowitz HS, Creighton WE, McClendon BJ. The effect on human dental caries of weekly oral
rinsing with a sodium fluoride mouthwash: a final report. Archives of Oral Biology 1971;16:609-16.
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Koch 1967

{published data only}

Bawden JW, Granath L, Holst K, Koch G, Krasse P, Rootzen H. Effect of mouthrinsing with a
sodium fluoride solution in children with different caries experience. Swedish Dental Journal
1980;4:111-7.
Hollender L, Koch G. Influence of topical application of fluoride on rate of progress of carious
lesions in children. A long-term roentgenographic follow-up. Odontologisk Revy 1969;20:37-41.
Koch G, Lindhe J. The effect of supervised oral hygiene on the gingiva of children. The effect of
sodium fluoride. Journal of Periodontal Research 1967;2:64-9.
Koch G, Lindhe J. The state of the gingivae and the caries-increment in school-children during and
after withdrawal of various prophylactic measures. In: McHugh WD, editor(s). Dental Plaque. A
symposium held at the University of Dundee, 22 to 24 September, 1969. Edinburgh and London: E.
& S. Livingstone, 1970:271-81.
Koch G. Caries increment in schoolchildren during and two years after end of supervised rinsing of
the mouth with sodium fluoride solution. Odontologisk Revy 1969;20:323-30.
Koch G. Effect of sodium fluoride in dentifrice and mouthwash on incidence of dental caries in
school-children. Odontologisk Revy 1967;18(Suppl. 12):1-125.
* Koch G. Effect of sodium fluoride in dentifrice and mouthwash on incidence of dental caries in
school children. 11. Effect of supervised fortnightly rinsing of the mouth with 0.5 per cent sodium
fluoride solution. A 3-year double-blind clinical test. Odontologisk Revy 1967;18:77-88.

Koch 1967a

(published data only}

Koch G. Effect of sodium fluoride in dentifrice and mouthwash on incidence of dental caries in
school children. 12. Effect of surpervised rinsing of the mouth with 0.5 per cent sodium fluoride
solution at the regular visits to the school dentist. A 3-year double-blind clinical test. Odontologisk
Revy 1967;18:89-96.

Koch 1967b

(published data only}

Koch G. Effect of sodium fluoride in dentifrice and mouthwash on incidence of dental caries in
school children. 13. Effect of supervised rinsing of the mouth with 0.05 per cent sodium fluoride
solution at the regular visits to the school dentist. A 2-year double-blind test. Odontologisk Revy
1967;18:97-100.

L asw ell 1975

(published data only}

* Laswell HR, Pacher MW, Wiggs JS. Cariostatic effects of fluoride mouthrinses in a fluoridated
community. Journal of the Tennessee Dental Association 1975;55:198-200.
Laswell HR, Packer MW, Wiggs JS. Cariostatic effects of fluoride mouthrinses in a fluoridated
community. Journal of the Kentucky Dental Association 1975;27:21-5.
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M cConchie 1977

{published data only}

McConchie JM, Richardson AS, Hole LW, McCombie F, Kolthammer J. Caries-preventive effect of
two concentrations of stannous fluoride mouthrinse. Community Dentistry and Oral Epidemiology
1977;5:278-83.

M olina 1987

(unpublished data sought but not used}

Molina MX, Rodriguez FG, Urbina T, Vargas S. Efecto de enjuagatorios semanales con una
solucion neutra de NaF al 0.2% en la incidencia de caries en primeros molares definitivos [Effect of
weekly mouthrinses with 0.2% neutral NaF solution on caries incidence in first permanent molars].
Odontologia Chilena 1989;37:176-82.
* Molina XM, Rodriguez GP, Sepulveda MM, Urbina TR, Vargas SJ. Efecto en la incidencia de
caries dentarias, de enjuagatorios semanales con solucion neutra de fluoruro de sodio al 0,2 en
escolares de enseganza basica fiscal [Increase of caries in a school children group that participated in
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Table of comparisons
01 Fluoride Mouthrinse versus Piacebo/No-treatment
01 D(M)FS increment (prevented fraction) - nearest to 3 years (34 trials)
02 D(M)FT increment (prevented fraction) - nearest to 3 years (13 trials)
03 D(M)FS increment (SMD) - nearest to 3 years (34 trials)
04 D(M)FT increment (SMD) - nearest to 3 years (13 trials)
05 Developing one or more new caries (3 trials)
06 Unacceptability of treatment as measured by leaving study early (2 trials)
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Other data tables
01 Fluoride Mouthrinse versus Placebo/No-treatment
01 D(M)FS increment (prevented fraction) - nearest to 3 years (34 trials)
Study ID

P rev en ted fractio n

9 5 % c.i.

Ashley 1977

14%

( l% to 2 7 % )

Bastos 1989

28%

(18% to 39%)

B linkhom 1983

24

(11% to 38%)

Craig 1981

32%

(-4% to 67%)

DePaola 1977

42%

(32% to 51%)

DePaola 1980

22%

(5% to 38%)

Driscoll 1982

38%

(21% to 54%)

Duany 1981

13%

(-5% to 31%)

Finn 1975

17%

(4% to 29%)

Gallagher 1974

14%

(5% to 23%)

Heidmann 1992

5%

(-19% to 30%)

Heifetz 1973

32%

(20% to 45%)

Heifetz 1982

35%

(20% to 50%)

Horowitz 1971

16%

(-17% to 50%)

Horowitz 1971a

43%

(19% to 68%)

Koch 1967

23%

(13% to 34%)

Koch 1967a

25%

(9% to 41%)

Koch 1967b

2%

(-21% to 25%)

Laswell 1975

35%

(10% to 60%)
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McConchie 1977

18%

(7% to 29%)

M olina 1987

30%

(16% to 44%)

M oreira 1972

17%

(-6% to 39%)

M oreira 1981

25%

(8% to 42%)

Packer 1975

35%

(6% to 64%)

Petersson 1998

14%

(-30% to 59%)

Poulsen 1984

12%

(-10% to 34%)

Radike 1973

33%

(22% to 44%)

Ringelberg 1979

23%

(7% to 39%)

Ringelberg 1982

22%

(6% to 39%)

Rugg-Gunn 1973

36%

(27% to 44%)

Ruiken 1987

33%

(16% to 49%)

Spets-Happonen 1991

26%

(-17% to 70%)

Torell 1965

35%

(26% to 43%)

van Wyk 1986

30%

(20% to 40%)
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Other data tables
01 Fluoride Mouthrinse versus Placebo/No-treatment
02 D(M)FT increment (prevented fraction) - nearest to 3 years (13 trials)
Study ID

P rev en ted fractio n

9 5 % c.i.

Bastos 1989

34%

(21% to 48%)

Blinkhom 1983

25%

(12% to 37%)

Finn 1975

22%

(6% to 37%)

Horowitz 1971

25%

(-8% to 58%)

Horowitz 1971a

52%

(26% to 77%)

Koch 1967

11%

(l% to 2 1 % )

Koch 1967a

13%

(-10% to 35%)

Koch 1967b

-4%

(-29% to 21%)

McConchie 1977

18%

(3% to 33%)

M olina 1987

26%

(11% to 40%)

Radike 1973

31%

(20% to 42%)

Ringelberg 1979

18%

(3% to 33%)

Rugg-Gunn 1973

32%

(24% to 40%)
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Additional tables
01 Meta-analyses of prevented fractions
Analysis

No. studies r.e. estim ate

9 5 % c.i.

M eta-analysis p-val

H eterogeneity test

D(M)FS - all studies

34

26%

23% to 30%

p<0.0001

Q= 55.62 (33 d .f); p=0.008

D(M)FT - all studies

13

24%

18% to 30%

p<0.0001

Q= 26.04 (12 d .f); p=0.011

Review Manager 4.2.2

25 09 2003

F luoride m outhrinses f o r p re v e n tin g d en tal ca ries in children a n d adolescen ts (THESIS CHAPTER 6)

72

Additional tables
02 Random effects metaregression analyses of prevented fractions: D(M)FS
C h a rac teristic

No. studies

Slope
estim ate

95% c.i.

Slope in terp re tatio n

p-value

M ean baseline caries

33

0.3%

(-0.7% to 1.3%)

Increase in PF per unit increase in mean baseline caries

0.6

Fluoridated water area

32

7%

(-3.9% to 17.8%)

Higher PF in presence of water fluoridation

0.2

Fluoride dentrifice use

32

-0.7%

(-9.5% to 8%)

Lower PF in presence o f fluoride dentifrice use

0.9

Background fluorides

32

1.4%

(-6.3% to 9%)

Higher PF in presence o f background fluoride

0.7

Rinsing frequenc}'

33

1%

(-3.3% to 5.5%)

Increase in PF per 100 extra applications/year

0.6

Fluoride concentration in
solution

34

1%

(-3.7% to 5.7%)

Increase in PF per 1000 ppm F

0.7

Intensit)' (freq times cone)

32 (excludes
DePaola 1977)

11.5%

(-10% to 33%)

Increase in PF equi\ alent to doubling from 100 to 200 applications
and increasing by 1000 ppmF

0.3

Allocation concealment

34

-7%

(-18% to 5%)

Lower PF with adequately concealed allocation

0.3

Blind outcome assessment

34

8%

(-11% to 13%)

H igher PF with blind outcome assessment indicated (not clearly
stated)

0.9

Double blinding

34

3.5%

(-5.4% to 13%)

Higher PF w ith lack of double-blinding

0.4

Control group

34

6.3%

(-4.2% to 17%)

Higher PF for no-treatment compared w ith placebo

0.2

Drop out

31

0.6%

(-1.8% to 3%)

Increase in PF per 10 drop outs

0.6

Length o f follow up

34

0.2%

(-6.9% to 7.4%)

Increase in PF per extra year of follow up

0.9
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A dditional figures
Figure 01
Funnel Plot o f D(M)FS SMDs according to standard errors o f the studies included in the
meta-analysis
R eview :
Comparison:

Fluoride m ou th rin ses for p reven tin g dental c a r ie s in children and a d o le s c e n t s (THESIS CHAPTER 6)
01 Fluoride M outhrinse v e r s u s P lacebo/N o-treatm ent

Outcome:

0 3 D(M )FS increm ent (SMD) - n e a r e s t to 3 y e a r s (3 4 trials)

-rO.O

0.1

S£(SMD)

♦»
•

-

0.2

♦

♦
#1

#

--0 3

--0.4

-0.5

0.5

1
SMD (fixed)
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Review: Fluoride mouthrinses for preventing dental caries in children and adolescents (THESIS CHAPTER 6)
Total n u m b er o f included stu d ies: 36
C o m p a r is o n o r o u t c o m e

S t u d ie s

P a r tic ip a n ts

S t a t is t ic a l m e t h o d

E ffe c t s i z e

01 Fluoride M outhrinse v e r su s P la c eb o /N o -tre a tm en t
01 D (M )F S in crem en t (p reven ted fraction) - n ea re st to 3 y e a r s (34

O ther data

N o n u m eric d ata

O ther data

N o n u m eric d ata

trials)
0 2 D (M )FT in crem en t (p reven ted fraction) - n ea re st to 3 y e a r s (13
trials)
0 3 D (M )F S in crem en t (SM D) - n e a r e st to 3 y ea r s (34 trials)

34

14663

SM D (random ), 95% Cl

-0 .3 0 [-0 .3 6 , -0 .2 4 ]

0 4 D (M )FT in crem en t (SM D) - n e a r e st to 3 y e a r s (1 3 trials)

13

5105

SM D (random ), 95% 01

-0 .2 8 [-0 .3 7 , -0 .2 0 ]

3

1805

OR (random ), 95% Cl

0.61 [0 .4 1 , 0 .9 0 ]

2

315

O R (random ), 95% Cl

1 .2 6 [0 .6 0 , 2 .6 4 ]

0 5 D e v e lo p in g o n e or m ore n ew ca r ie s (3 trials)
0 6 U n accep tab ility o f treatm en t a s m e a su r e d by lea v in g stu d y early (2
trials)

Review:
Com panson
Outcome

Fiuoode m outhnnses for preventing dental c a n e s m children and ad o lesce rts (THESIS CHAPTER 6)
01 Fluonde Mouthrmse versus Placebo/N o-lreatm ent
03 tXMIFS increment (SMD) - nea rest to 3 y e ars (34 Inals)
Fluonde Mouthrmse
Mean (SD)

Study
or sutxcategory
Ashley 1977
B astos 1989
Bknldiom 1983
Craig 1981
DePaola 1977
DePaola 1980
Dfiscol 1982
Duany 1981
Firm 1975
G alag h er 1974
Heidmann 1992
Heifetz 1973
Heifetz 1982
Horowitz 1971
Horowitz 1971a
Koch 1967
Koch 1967a
Koch 1967b
Laswell 1975
McConchie 1977
Molina 1987
Moreira 1972
Moreira 1981
Packer 1975
P etersson 1998
Poulsen 1984
Radike 1973
Ringelberg 1979
Ringelberg 1982
Rugg-Gunn 1973
Ruiken 1987
Spets-H apponen 1991
Tore» 1965
van Wyk 1988

2 45
280
190
49
317
179
37 3
711
292
3 06
538
2 59
394
133
98
85
117
114
2 26
4 96
14 5
150
73
18 8
69
1 91
348
341
989
2 22
129
44
3 32
377

4 . 8114 . 21)
17. 0. 022 1155.5.544))
4 .7 2 (4 .1 9 )
1 .7 7 (2 .7 3 )
4 .4 1 1 4 .2 9 )
7 .1 4 (6 .7 0 )
1 .4 0 (2 .2 8 )
2 . 82 (4 . 39)
n . 2 2 ( 5 .1 8 )
1 0 .0 6 (6 .7 5 )
0 .7 0 (1 .5 6 )
5 .1 0 1 5 .2 4 )
2 .6 5 (3 .8 3 )
1 .0 8 (1 .9 6 )
1 .6 5 (2 .7 7 )
1 6 .1 3 (6 .8 2 )
4 .6 0 (4 .0 0 )
4 .8 2 (4 .1 6 )
1 .0 5 (1 .9 5 )
4 .7 2 (4 .4 5 )
3 .5 7 (3 .4 1 )
5 . 1 6 1 4 .6 8 )
4 .2 0 (3 .3 3 )
1 .7 2 (3 .9 3 )
2 . 7 5 (4 . 46)
2 . 4 8 1 3 .1 3 )
2 .0 2 (2 .4 6 )
4 .8 2 (5 .4 6 )
2 .6 0 (5 .4 6 )
6 .5 7 (4 .7 9 )
4 .4 1 (4 .2 9 )
2 .5 0 (3 .2 0 )
6 . 54 15. 17)
5 .2 6 (4 .7 3 )

SMD (random)
95% Cl

Placebo(NT
Mean (SD)

WeighI
%
3 .4 1
3. 10
3 .1 1
I . S3
3 .2 1
2 .7 4
3 .2 7
3 .7 3
3 .2 3
3 .6 0
4 .0 9
3. 14
3 . SO
2 .6 8
2 .4 1
2 .1 1
2 .6 4
2 .6 5
2 ,7 4
3 .7 0
2 .8 3
2 .0 3
2 . 10
2 .6 7
1 .9 4
3 .0 9
3 .7 7
3 .3 9
3 .8 6
3 .2 4
2 .3 2
1 .5 1
3 .2 5
3 .4 3

5 . o l 1 4 .6 4 )
9 .7 9 (6 .6 5 )
6 .2 5 (5 .5 5 )
2 .5 9 (2 .7 0 )
7 .5 5 (5 .7 7 )
9 . 1 1 (7 .5 1 1
2 .2 4 (2 .9 6 )
3 .2 4 ( 4 . 2 6 )
7 .4 7 (5 .7 3 )
1 1 .7 2 (7 ,3 4 )
0 .7 4 (1 .6 1 )
7 .5 3 (6 .4 5 )
4 .0 8 (5 .4 6 )
1 .2 9 (1 .8 8 )
2 .9 2 (4 .2 0 )
2 1 .0 5 (9 .5 1 )
6 .1 6 1 5 .2 1 )
4 .9 3 (5 .1 5 )
1 .6 2 (2 .4 7 )
5 . 7 4 1 4 .9 6 )
5. 1 2 ( 4 .0 6 )
6 . 2 0 1 5 .1 7 )
5 .6 0 (3 .6 0 )
- :.6 5 I 4 . 15)
3 .2 1 (4 .7 4 )
2 .8 2 (3 .3 5 )
3 .0 2 ( 3 . 0 9 )
6 .2 5 (7 .3 6 )
3 .3 4 (4 .4 2 )
1 0 .2 2 (7 .2 4 )
6 .5 6 (5 .3 4 )
3 .4 0 1 5 .6 0 )
1 0 .0 2 (6 .7 5 )
7 .5 0 (5 .7 4 )

24 3
140

158
142
151
225
161
288
545
154
204
123
11 0

82
134
137
97
247
150

174
378
186
249
212

UtD.C’O

Total (95% Cl)
4950
Test for heterogeneey Chi' - 93 00, df - 33 (P < 0 00001), I' - 64 5%
Test for overal effect Z • 9 77 (P < 0 OOOOf )
1

-0 5

0

Favours F mouthrmse
Review
Com panson
Outcom e

-0 .1 8
- 0 .4 7
- 0 .3 1
- 0 .3 0
- 0 .6 5
- 0 .2 8
- 0 .3 4
- 0 .1 0
- 0 .2 3
-0 .2 4
- 0 .0 3
- 0 .4 2
- 0 .3 2
- O .ll
- 0 .3 5
- 0 .5 9
- 0 .3 3
- 0 .0 2
- 0 .2 7
- 0 .2 2
- 0 .4 1
- 0 .2 2
- 0 .4 0
- 0 .2 3
-0 .1 0
- 0 .1 0
- 0 . 36
- 0 .2 3
-0 .1 4
- 0 .6 0
- 0 .4 5
- 0 .1 9
- 0 .6 1
- 0 .4 4

0 5

SMD (random)
95% C»

Y ear

1;- 0 . 3 6 ,
1[ - 0 . 6 7 ,
![ - 0 . 5 2 .
1[ - 0 . 7 0 ,
1[ - 0 . 8 4 ,
i[ - 0 . 5 1 ,
1[- 0 . 5 3 ,
1[ - 0 . 2 5 ,
[- 0 .4 2 ,
[ - 0 .4 0 ,
[- 0 .1 4 ,
[- 0 .6 3 ,
[- 0 .4 9 ,
( - 0 .3 5 ,
(- 0 .6 3 ,
[- 0 .9 0 ,
[ - 0 .5 8 ,
[ - 0 .2 7 ,
( - 0 .5 1 ,
[ - 0 .3 7 ,
( - 0 .6 4 .
( - 0 .5 4 ,
(- 0 .7 1 ,
( - 0 .4 0 ,
[- 0 .4 3 ,
[- 0 .3 1 ,
( - 0 .5 0 ,
( - 0 .4 1 ,
( - 0 .2 8 ,
( - 0 .7 9 ,
[ - 0 .7 4 ,
[- 0 .6 0 ,
[- 0 .8 0 ,
[- 0 .6 1 ,

0 .0 0 ]
- 0 .2 6 ]
- 0 .1 1 )
0 .1 0 ]
- 0 .4 5 ]
- 0 .0 4 ]
- 0 .1 5 ]
0 .0 5 ]
- 0 ,0 4 ]
- 0 .0 7 ]
0 .0 9 ]
- 0 ,2 2 ]
- 0 .1 5 ]
0 .1 4 ]
- 0 ,0 8 ]
- 0 ,2 8 ]
- 0 ,0 8 )
0 .2 3 ]
- 0 ,0 3 ]
- 0 ,0 7 ]
- 0 ,1 8 ]
0 .1 1 ]
- 0 .0 9 ]
0 .0 1 ]
0 .2 3 ]
0 .1 0 ]
- 0 .2 1 ]
- 0 .0 5 ]
0 .0 0 ]
- 0 .4 0 ]
- 0 .1 7 ]
0 .2 1 ]
- 0 .4 1 ]
- 0 .2 6 )

1977
1989
1983
1981
1977
1580
1982
1981
1975
1974
1992
1973
1982
1971
1971
1967
1967
1967
1975
1977
1987
1972
1981
1975
1998
1984
1973
1979
1982
1973
1987
1991
1965
1986

[- 0 .3 6 ,

- ) .c « )

Ouaity

O rder

s

B
E
B
B
B

E
5
B
B
B

B

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
c
0
0
0
0
0
0
0
Q
0
0
0
0
0

1
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01 Fluonde Mouthrmse versus Placebo/No-treatm enl
04 D(M)FT increment (SMD) - nea rest to 3 yea rs (13 Inals)

StiKjy
or sub-category
B astos 1989
Bfenkhom 1983
Finn 1975
Horowitz 1971
Horowitz 1971a
Koch 1967
Koch 1967a
Koch 1967b
McConchie 1977
Molina 1987
Radike 1973
Ringelberg 1979
Rugg-Gunn 1973

N
280
190
292
133
90
85
U7
114
496
145
348
341
222

Fluonde m outhnnse
Mean (SD)
3 .0 2 (3 .4 8 )
2 .6 5 (2 .3 1 )
3 .3 4 (3 .6 8 )
0 .5 4 ( 1 .1 5 )
0 .7 9 (1 .6 8 )
7 . 48 ( 2 . 77)
2 .5 8 ( 2 .7 0 )
2 .9 0 (2 .6 7 )
2 .5 6 (3 .1 8 )
2 .3 7 (2 .3 2 )
1 . 3 9 1 1 .6 6 )
2 . 70 ( 2 .9 4 )
3 .7 4 (2 .4 9 )

2 861
Total (95% Cl)
T est tor hetero g en ety Chi* » 26.13. df *• 1 2 ( P - 0 . 0 1 ) . I * - 5 4 1%
T est for overal effect: Z * 6 45 (P < 0 00001 )

Placebo/NT
Mean (SO)

N
140
184
161
123

SMD (random)
95% Cl

_• _

4 .5 9 (4 .3 8 )
3 .5 1 (2 .6 1 )
4 .2 7 (4 .2 1 )
0 .7 2 (1 .0 0 )
1 .6 3 (2 .6 2 )
8 .4 1 (2 .9 0 )
2 .9 5 (2 ,8 9 )
2 .7 8 (2 .8 1 )
3 .1 2 (3 .5 5 )
3 .1 9 (2 .3 5 )
2 .0 1 (2 .0 4 )
3 .3 0 (3 .2 9 )
5 .4 7 (3 ,1 9 )

no
82
134
137
247
150
378
186
212
2244

7 .9 9
8 .0 1
8 .4 2
6 .6 5
5 .8 5
5. 12
6 .5 7
6 .5 7
1 0 .0 2
7 . 13
1 0 .2 9
0 .9 6
8 .4 4

♦

-f

-0 5

0

Favours F mouthrmse

R eview :
C o m p a n so n ;

Fluoride m o u th n n s e s fo r p rev e n tin g den tal c a rie s in children a n d a d o le s c e n ts (T H E S IS C H A P T E R 6)
01 Flu o n d e M o u th n n se v e rs u s P la c e b o /N o -tre a tm e n t

O u tc o m e

05 D eveloping o n e o r m o re n ew c a n e s (3 tn als)

S tu d y
o r su b -c a te g o ry
Firm 1975
H eid m an n 1992
T o r e l l 9 55

T re a tm e n t
rv/N

Weight
%

Control

1 5 7 /1 6 1

5 1 /3 3 2

Weight

169

- 0 .2 0 ]

9 5 % Cl

Y ea r
1975

1 6 2 /4 3 2
4 6 /1 6 2

3 6 .9 0

0 .4 6

[ 0 .2 9 ,

0 .7 2 ]

1965

0 .6 1

[ 0 .4 1 ,

0 .9 0 )

0 .5

1

NT

2

------ — I #

7 /5 5
2 4 /9 1

W eight

.

^

T o tal e v e n ts . 47 (Fluoride m o U h rin se ), 31 (NT)
T e st f o r h e tero g en eity : C h i' = 1 .4 4 . df = 1 (P = 0 .2 3 ). !» = 3 0 .7 %
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Abstract
Background
Topical fluoride therapy (TFT) in the form of varnish, gel, mouthrinse or toothpaste has been used
extensively as a caries-preventive intervention for over three decades.
O bjectives
To determine the effectiveness and safety of fluoride varnishes, gels, mouthrinses, and toothpastes
in the prevention of dental 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), CENTRAL (The
Cochrane Library Issue 2, 2000), MEDLINE (1966 to January 2000), plus several other databases.
We handsearched journals, reference lists of articles and contacted selected authors and
manufacturers.
Selection criteria
Randomized or quasi-randomized controlled trials with blind outcome assessment, comparing
fluoride varnish, gel, mouthrinse, or toothpaste with placebo or no treatment 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 & analysis
Inclusion decisions, quality assessment and data extraction were duplicated in a random sample of
one third o f 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 mean caries increments between the treatment and control groups expressed as a
percentage of the mean 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.
M ain results
There were 144 studies included. For the 133 that contributed data for meta-analysis (involving
65,169 children) the D(M)FS pooled prevented fraction estimate was 26% (95% Cl, 24% to 29%;
p < 0.0001). There was substantial heterogeneity, confirmed statistically (p < O.OOOl), but the
direction of effect was consistent. The effect of topical fluoride varied according to type of control
group used, type of TFT used, mode/setting of TFT use, initial caries levels and intensity of TFT
application, but was not influenced by exposure to water fluoridation or other fluoride sources.
D(M)FS PF was on average 14% (95% Cl, 5% to 23%; p = 0.002) higher in non-placebo
controlled trials, 14% (95% Cl, 2% to 26%; p = 0.025) higher in fluoride varnish trials compared
with all others, and - 10% (95% Cl, -17% to -3%; p = 0.003) lower in trials of unsupervised home
use compared with self applied supervised and operator-applied. There was a 0.7% increase in the
PF per unit increase in baseline caries (95% Cl, 0.2% to 1.2%; p = 0.004).
R eview ers’ conclusions
The benefits of topical fluorides have been firmly established on a sizeable body of evidence from
randomized controlled trials. While the formal examination of sources of heterogeneity between
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studies has been important in the overall conclusions reached, these should be interpreted with
caution. We were unable to reach definite conclusions about any adverse effects that might result
from the use of topical fluorides, because data reported in the trials are scarce.
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Background
Dental caries and its consequences pose important and uncomfortable problems in all industrialized
societies and in a large number of developing countries. Although the prevalence and severity of
dental caries in most industrialized countries have decreased substantially in the past two decades,
reaching averages as low as 1.1 decayed, missing and filled teeth (DMFT) in 12 year olds, nearly
half of those without any tooth decay or fillings (Marthaler 1996), this largely preventable disease
is still common, increases significantly with age, and remains a public health problem for a
significant proportion of the world population (Burt 1998). In the United Kingdom, 30% of 3.5 to
4.5 year olds (Moynihan 1996), and 50% of 12 year olds (Downer 1995) had experienced caries in
1993. In 2000, the figures were 40% for 5 year olds in Great Britain (Pitts 2001) and 38% for 12
year olds in England and Wales (Pitts 2002). These findings demonstrate the continuing need for
effective preventive strategies and treatment services for these age groups in a country that has
experienced a substantial caries decline. In general, dental caries levels vary considerably between
and within different countries, but children in the lower socio-economic status (SES) groups have
higher caries levels than those in the upper SES groups, and these differences are consistent in
industrialized and in urbanized developing countries (Chen 1995).
Fluoride therapy has been the cornerstone of caries-preventive strategies since the introduction of
water fluoridation schemes over five decades ago (Murray 1991). Fluoride controls the initiation
and progression of carious lesions. Intensive laboratory and epidemiological research on the
mechanism of action of fluoride in preventing caries indicates that fluoride's predominant effect is
topical, which occurs mainly through promotion of remineralization of early caries lesions and by
reducing sound tooth enamel demineralization (Featherstone 1988). Various modes of fluoride use
have evolved, each with its own recommended concentration, frequency of use, and dosage
schedule. The use of topically applied fluorides in particular, which are much more concentrated
than the fluoride in drinking water, has increased over recent decades and fluoride containing
toothpastes (dentifrices), mouthrinses, gels and varnishes are the modalities most widely used at
present, either alone or in different combinations. By definition, the term 'topically applied fluoride'
describes 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.
Fluoride gels and varnishes are typical methods of professional topical fluoride application and both
delivery systems have been used in preventive programs. Fluoride gels have also been used as a self
applied intervention in such programs. Fluoride rinses and toothpastes are the main forms of self
applied fluoride therapy. The intensive use of fluoride mouthrinsing in school programs has been
discontinued in many developed countries because of doubts regarding its cost-effectiveness at a
low prevalence of dental caries and are being replaced by selective fluoride therapy directed to high
risk children. Such procedures usually involve the combined use of fluoride toothpastes with gels
or varnishes. Toothpaste is by far the most widespread form of fluoride usage (Murray 1991a; Kipa
1991) and the decline in the prevalence of dental caries in developed countries has been mainly
attributed to its increased use (Glass 1982; Rolla 1991; Marthaler 1994; O' Mullane 1995;
Marthaler 1996).
However, there is currently a debate regarding the appropriate use of fluorides. The questions
being asked relate to the actual effectiveness and the potential risks (mainly in terms of fluorosis)
that may be expected from the various fluoride-based caries preventive measures in an era of
decreased caries prevalence and widespread availability of fluoride from multiple sources (Ripa
1991). In this context, even the need for selective professional fluoride applications has been
questioned (Seppa 1998). The persistence of this debate and the variations in the use of the main
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forms of topically applied fluorides suggest the need to search for meaningful ways to summarize
the empirical findings on this topic systematically.
Much of the experimental research on the effectiveness of individual fluoride modalities in
preventing dental caries was conducted before the 1990s, when dental caries was more common
and more severe. Modalities were usually tested separately and with the assumption that the
method would provide the main source of fluoride. The studies have been extensively reviewed and
synthesized in a number of traditional narrative reviews which often provide very different
estimates of effectiveness, probably due to differences in how the literature to be included was
selected, and rarely explore the causes of variability in reported effectiveness in a formal way. To
date, a few published reviews focusing mainly on the evaluation of specific fluoride active agents
within specific delivery systems have used a quantitative meta-analytical approach to synthesize
studies' results (Stamm 1984; Clark 1985; Johnson 1993; Helfenstein 1994; Stamm 1995; van
Rijkom 1998; Bartizek 2001; Strohmenger 2001; Chaves 2002). However, there has been no
systematic investigation evaluating and comparing the overall effectiveness of the main forms of
topical fluoride therapy currently used in caries prevention and examining formally the main factors
that may influence their effectiveness. Moreover, none of the existing reviews have attempted to
identify all relevant experimental research.

Objectives
The primary objective of this review is to determine the effects of topical fluoride therapy (TFT) in
the form of toothpastes, mouthrinses, gels and varnishes in the prevention of dental caries in
children and adolescents. The secondary objective is to examine whether the effectiveness of TFT
is influenced by the initial level of caries severity, the background exposure to other fluoride
sources, the mode/setting of TFT use, and the form of TFT used.
The specific objectives are:
(1) To determine the effectiveness and safety of topical fluoride therapy in the form of toothpastes,
mouthrinses, gels and varnishes in preventing dental caries in the child/adolescent population.
(2) To examine whether the effect of TFT is influenced by the level of caries severity.
(3) To examine whether the effect of TFT is influenced by the background exposure to ambient
levels of fluoride in water (or salt), or reported fluoride sources other than the study option(s).
(4) To examine whether the effect of TFT is influenced by the mode/setting of use (self applied
supervised use of TFT in preventive programmes, self applied 'unsupervised' use of TFT at home,
and operator-applied use of TFT), and if this does occur, whether there is a differential effect on
caries prevention among the different forms of TFT used in each mode/setting.
(5) To examine whether the effect of TFT is influenced by the form of TFT used.

Criteria for considering studies for this review
T ypes o f studies
Randomized or quasi-randomized controlled trials using or indicating blind outcome assessment, in
which one form of topical fluoride therapy (TFT) (either as toothpaste, mouthrinse, gel or varnish)
is compared concurrently to a placebo or no TFT group during at least 1 year/school year.
Randomized or quasi-randomized controlled trials using within-group paired comparison designs
(e.g. split-mouth trials of fluoride varnish, as the effect of the varnish could spread across the
mouth leading to contamination of control sites), or with open outcome assessment or no
indication of blind assessment, or lasting less than 1 year/school year, or controlled trials where
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random or quasi-random allocation was not used or indicated were excluded.

Types o f 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
intervention 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 o f interventions
Topical fluoride therapy in the form of toothpastes, mouthrinses, gels or varnishes only, using any
fluoride agent (which may be formulated with any compatible abrasive system, in the case of
fluoride toothpastes), at any concentration (ppm F), amount or duration of application, and with
any technique or method of application, provided the frequency of application was at least once a
year. The control group is placebo (for any method of fluoride application) or no treatment (except
for brushing or flossing methods of application) resulting in the following comparison: Any single
TFT described above compared with a placebo or no TFT.
Studies where the intervention consisted of any caries preventive agent/procedure in addition to
any of the forms of TFT described above were excluded (e.g. fluoride-based measures used in
combination, anti-plaque or anti-calculus agents, sealants, oral hygiene interventions, xylitol
chewing gums, glass ionomers).
Types o f outcom e m easures
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. For studies in younger children the outcome
measure of interest is caries increment in deciduous tooth surfaces, as measured by change in the
decayed, (missing/extraction indicated), and filled surface d(e/m)fs index. Dental caries is defined
here as being clinically and radiographically recorded at the dentin level of diagnosis. (See 'Methods
of the review' 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 deciduous dentitions; tooth loss; proportion of children developing new
caries; dental pain/discomfort; specific side effects (fluorosis, tooth staining/discoloration, oral
allergic reactions, adverse symptoms such as nausea, vomiting); unacceptability of preventive
treatment as measured by drop outs during the trial (in non-placebo controlled studies); use of
health service resources (such as visits to dental care units, length of dental treatment time).
Studies reporting only on changes in plaque/calculus formation, plaque regrowth/vitality,
plaque/salivary bacterial counts, or gingival bleeding/gingivitis, dentin hypersensitivity or fluoride
physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels,
etc.) were excluded.

Search strategy 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
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Relevant studies were identified (for the series of topical fluoride reviews) by searching several
databases from date of inception: 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 (below) with low specificity (but high sensitivity), using '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
Randomized Controlled Trials (RCTs). These subject search phrases were customised for
searching EMBASE and the other databases:
(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 subheadings 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*))].
RCT filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development 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 Issue 1,
1997), the Community of Science database (1998), which included ongoing trials funded by the
National Institute of Dental Research (NIDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980 to 1997), and OLD MEDLINE (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 Technical Proceedings (ISTP) and DISSERTATION
ABSTRACTS).
• From 1999 to 2001
The following strategy 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:
[(fluor$ or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluorS or duraphatS)
and (carieS or dmf$ or cpo$ or tooth$ or teeth$ or dent$ or dient$ or anticarieS or carioS or
mouthrinsS or mouth rins$ or rinseS or bochechS or enjuagS or vemiz$ or vamishS or bamiz$ or
laca$ or gel or gels)] and [randomS or aleatoriS or acasoS or azar$ or blind$ or maskS or cego$ or
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cega$ or ciego$ or ciega$ or placebo$ or(clinic$ and (trial$ or ensaioS or estud$)) or (controls and
(trials or ensaioS or estudS))].
Four supplementary and more specific subject search phrases (including 'free text' and 'controlled
vocabulary' terms), refined exclusively for the reviews on the effects of individual fluoride
modalities, formulated around three concepts each (the relevant topical fluoride therapy (TFT),
fluoride and caries) were used to search Silverplatter MEDLINE (up to January 2000) without
methodological filters:
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES "/ 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*
FLUORFD* or AMINE* FLUORID* or STANNOUS* FLUORID* or (explode "FLUORIDES"/
ALL SUBHEADINGS))
and
(1) (TOOTHPASTE* or TOOTH* PASTE* or DENTIFRICE* or PASTE*) or (explode
"DENTIFRICES "/ all subheadings)].
(2) ((RINS* or MOUTH* RINS* or WASH* or MOUTH* WASH*) or (MOUTHRINS* or
MOUTHWASH*)) or (explode "MOUTHWASHES"/ all subheadings)].
(3) (FLUOR* or ...or ELMEX* or (explode "FLUORIDES "/ ALL SUBHEADINGS))
and (GEL* or TRAY*)].
(4) (FLUOR* or (DURAPHAT* or FLUOR PROTECTOR*) or (explode "FLUORIDES"/ ALL
SUBHEADINGS)) and (VARNISH*) or (LACQUER* or LAQUER*) or (VERNIZ*) or
(LACKER*) or (LAKK*) or (SILANE* or POLYURETHANE*)].
These strategies were adapted to search the Cochrane Oral Health Group's Trials Register (up to
May 2000), and have also been run on CENTRAL (The Cochrane Library Issue 2, 2000) to double
check.
The metaRegister of Current 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 located up to
January 2000 were checked 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
Library database: Cochrane Database of Systematic Reviews (CDSR), and the CRD databases:
Database of Abstracts of Reviews of Effects (DARE) and NHS Economic Evaluation Database
(NHS EED), were also searched. Reference lists of relevant chapters from preventive dentistry
textbooks on topically applied fluoride interventions were also consulted.
FULL TEXT SEARCHING
Prospective handsearching of the seven journals identified as having the highest yield of eligible
RCTs/controlled clinical trials (CCTs) was carried out, from January 1999 until January 2000:
British Dental Journal, Caries Research, Community Dentistry and Oral Epidemiology, Journal of
the American Dental Association, Journal of Dental Research, Journal of Public Health Dentistry
and European Journal of Oral Sciences. The handsearch of Community Dentistry and Oral
Epidemiology was undertaken (1990 to December 1999), as this was the journal with the highest
yield of eligible reports.
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PERSONAL CONTACT
Searching for unpublished studies (or 'grey' literature such as technical 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
information 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, mouthrinses, gels and varnishes was created for locating 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. Fourteen
manufacturers were contacted (October 2000) and information on any unpublished trials requested:
Bristol-Myers Co, Colgate-Palmolive, Davies Rose-Hoyt Pharmaceutical Division, Gaba AG,
Ivoclar North America, John O Butler Company, Johnson & Johnson, Oral-B Laboratories,
Pharmascience, Procter & Gamble, Smithkline Beecham, Synthelabo, Unilever/Gibbs, WarnerLambert.

Methods of the review
MANAGEMENT OF RECORDS PRODUCED BY THE SEARCHES
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported 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 checked without the benefit of
eliminating duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE
search performed without methodological filter were imported to Reference 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 Current Controlled Trials
were also checked outside Reference Manager. In order to facilitate importing of all records
located from searching other (non-electronic) sources to Reference Manager, we tried to locate
these in MEDLINE as well. Those references that could not be downloaded in this way were
entered manually. (Reports that might be identified by contacting manufacturers will be obtained to
feature in updates of this review.)
RELEVANCE ASSESSMENT
All records identified by the searches were printed off and checked on the basis of title first, then by
abstract (when this was available in English or in languages known by the reviewer) and/or
keywords by one reviewer, Valeria Marinho (VM). Records that were obviously irrelevant were
discarded and the full text of all remaining records was obtained. Records were considered
irrelevant according to study design/duration, participants, or interventions/comparisons (if it could
be determined that the article was not a report of a randomized/quasi-randomized controlled trial;
or the trial was of less than 6 to 8 months duration; or the trial was exclusively in adults; or the trial
did not address one of the four topical fluoride therapies (TFTs); or the trial did not compare a
TFT to placebo or no treatment).
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SELECTION OF STUDIES FOR INCLUSION
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 reviewer was independently assessed by the second. A third reviewer
was consulted, Stuart Logan (SL) or Aubrey Sheiham (AS), to resolve any disagreement. It was
decided in advance to exclude any trial where agreement could not be reached (but this did not
occur). 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. Attempts were made to contact authors of trials that could not be classified in order to
ascertain whether inclusion criteria were met.
It was considered essential to identify and check all reports related to the same study; in case of
any discrepancy, authors were contacted.
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 allocation 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 independently 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 outcome 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 examination performed independently of previous results, of x-rays
registered independently of clinical examination, of use of a placebo, 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 sample of approximately one third. 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 outcome had been carried out blind.
Checking of interobserver reliability was limited to these validity assessments.
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Other methodological characteristics of the trials such as completeness of follow up (proportion
excluded) and handling of exclusions (extent to which reasons for attrition are explicitly reported,
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 (refer to
individual reviews of fluoride gels, varnishes, mouthrinses and toothpastes) and were coded for
possible use in metaregression or sensitivity analyses.
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. Again, data that could not be coded by the first reviewer were
independently coded by the second, any disagreements were discussed and a third reviewer
consulted to achieve consensus where necessary. (In future updates all reports will be data
extracted and quality assessed in duplicate.) Data presented only in graphs and figures were
extracted whenever possible, but were included only if two reviewers independently had the same
result. Attempts were made to contact authors through an open-ended request in order to obtain
missing information or for clarification whenever necessary. Papers in languages not known by the
reviewers were data extracted with help from appropriate translators.
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
randomization in sizing/balancing (stratification based on relevant variables) or used post
randomization in analysing/adjusting for possible differences in prognostic factors between groups;
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors); any co-intervention
and/or contamination. 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 fluoride sources
other than the study option(s) (in water, topical applications, etc.), year study began, place where
study was conducted (country), setting where participants were recruited, and dental treatment
level (F/DMF). Characteristics of the interventions that were extracted included: fluoride
modality(s), mode of application (how the intervention was delivered), methods (technique/device)
of application, prior- and post-application, fluoride active agents and concentrations used,
frequency and duration of application, and amount applied.
Different ways of assessing/reporting caries increment in the trials (change from baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components 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,
approximal surfaces, etc.), state of tooth eruption considered (erupted and/or erupting teeth or
surface), diagnostic thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions),
methods of examination adopted (clinical and/or radiographical), and approaches to account or not
for reversals in caries increment adopted (in a net or observed/crude caries increment respectively).
In addition, caries increments have been recorded whenever the authors reported them (various
follow ups), and where assessments of caries increments were made during a post-intervention
follow-up period, the length of time over which outcomes were measured after the intervention
ended was noted.
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As we were aware that caries increment could be reported differently 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 chosen 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 dentinal/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.
All other relevant outcomes assessed/reported in the trials were also recorded/listed.
ANALYSES
• Handling of missing main outcome data
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be imputed through linear regression of log standard
deviations 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
(similar) 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 (but of the same modality of TFT)
and a common control group, such as those comparing different concentrations of fluoride ions in a
mouthrinse for example to a placebo/no treatment group, raw results (the numbers, mean caries
increments and standard deviations) from all relevant experimental groups were combined in order
to obtain a measure of treatment effect (this enables the inclusion of all relevant data for each form
of TFT in the primary meta-analysis, although may slightly compromise any secondary
investigations of dose response). In the studies comparing two or more relevant modalities of TFT
to a common placebo/no treatment group, we have divided the control group into approximately
equally sized smaller groups to provide a pairwise comparison for each modality. Means and
standard deviations were unchanged.
• Choice of measure of effect and meta-analyses of main outcome
The chosen measure of treatment effect was the prevented fraction (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 data) this measure was considered more appropriate
than the mean difference or standardised mean difference, 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. Within-study variances were estimated using the formula presented in Dubey 1965 which
was more suitable for use in a weighted average, and for large sample sizes the approximation
should be reasonable. Random effects meta-analyses were performed throughout in RevMan
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4.2.1/RevMan Analyses.
Deciduous and permanent teeth were analysed separately throughout.
For illustrative purposes, when overall results were significant, the results were also presented as
the number 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 in the results of the trials 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 (Thompson 1999).

In addition to aspects of study quality, four potential sources of heterogeneity were specified a
priori as investigations of these formed part of the primary objectives of the review. We
hypothesised that; (1) the effect of TFT differs according to the baseline levels of caries severity;
(2) the effect of TFT differs according to exposure to other fluoride sources (in water, in
toothpastes, etc.); (3) the effect of TFT differs according to mode of use; and (4) forms of TFT
used. The association of these factors with estimated effects (D(M)FS PFs) were examined by
performing random effects metaregression analyses in Stata version 6.0 (Stata Corporation, USA)
using the program Metareg (Sharp 1998). The random effects regression model described in detail
elsewhere (Thompson 1999) relates treatment effect to study characteristics assuming a normal
distribution for the residual errors with both a within- and an additive between-study component of
variance. The between-studies variance was estimated by an iterative procedure, using an estimate
that is based on a restricted maximum likelihood method.
To allow such investigation, relevant data were dealt with as follows: 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 data on the use of fluoride
toothpaste or any fluoride other than the study option(s) and the consumption of fluoridated water
(or salt) and were grouped into two categories: one for studies which were based on samples
provided with non-fluoride toothpaste/reporting no/low use of other fluorides and which were from
non-fluoridated areas (non exposed), and another for studies based on samples using any fluoride
other than the study option(s) or studies in fluoridated communities or both. When background
exposure to fluoride toothpaste was not clearly indicated in studies carried out in developed
countries, it was assumed that fluoride toothpaste was widely used from the middle of the 1970s
(Ripa 1989); this information was sought from authors (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. Background exposure to fluoride
rinses, gels, tablets, etc. should be reported to be involving the majority in a study to be considered
as such, otherwise it was assumed these had not been used. Exposure to water fluoridation should
be above 0.3 ppm F; when information on the fluoridation status of a site was not
available/obtainable, no assumptions were made.
Data on the 'fluoride application mode of use and forms of TFT' were classified as self applied
unsupervised use (of toothpaste or mouthrinse at home), self applied supervised use (of gel,
mouthrinse or toothpaste in school-based programmes), and operator-applied use (of gel or
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varnish). The four modalities of TFT were categorised as such.
Further potential sources of heterogeneity were investigated by metaregression based on previous
investigations of covariates carried out in the individual TFT reviews. These included investigations
of the potential influence of fluoride concentration and frequency of use. (Data on 'concentration
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 fluoride
concentration (in ppm F).) In multiple arm studies we have averaged this intensity score over
fluoride treatment groups. These 'post hoc' analyses are clearly identified and the results should be
treated with caution. Sensitivity analyses were performed as appropriate.
• 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 et al
(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 to be analysed by calculating risk ratios (RR) or, for adverse effects of fluoride treatment, risk
differences (RD). RevMan 4.2 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 were shown in the analyses tables.

Description of studies
SEARCH RESULTS
Our initial multiple database search (1997/98) produced the following total number of records,
according to database searched: MEDLINE, 4599; EMBASE, 5052; BIOSIS, 421; SCISEARCH,
514; SSCISEARCH, 169; ISTP, 66; CINAHL, 133; ERIC, 60; DISSERTATION ABSTRACTS,
95; LILACS, 48; BBO, 47; CENTRAL, 86; SIGLE, 6. Searching OLD MEDLINE produced 545
records, and the Community of Science database, 24 records. In the second stage of searches
(1999), searching LILACS and BBO with a modified search strategy produced 210 records (142
and 68 records respectively). The more specific MEDLINE searches (by individual modalities of
topical fluoride therapy (TFT)) performed without a randomized controlled trial (RCT) filter
produced 2441 records, and the searches performed in the Cochrane Oral Health Group's Trials
Register (May 2000) produced 479 records. Searching the metaRegister of Current Controlled
Trials for ongoing studies produced 5 records. Many records retrieved through electronic search
were duplicates merged later in the core database, and many appeared more than once in different
databases and/or searches performed (overlapped). Searching other non-electronic sources
(reference lists of potentially relevant reports, review articles or book chapters, relevant journals,
and contacting authors) produced 171 additional records for inspection. (Any search results
produced by contacting manufacturers will feature in updates of this review.)
RELEVANCE ASSESSMENT RESULTS
When the records produced from all the above searches were screened, a total of 713 reports were
considered potentially eligible and further assessment was sought.
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STUDY SELECTION RESULTS
Seven hundred and thirteen reports were sought for detailed assessment for inclusion, of which 19
full text reports could not be obtained (most of these were incomplete references to non-English
reports and unpublished studies conducted decades ago by toothpaste manufacturers). Two
hundred and ninety-three reports (293) were considered immediately irrelevant for this review,
largely as a result of the types of intervention compared with, or used in addition to the relevant
topical fluoride treatments (including head to head studies without a placebo or no treatment
group), and due to the types of study design described (historical controls or other nonexperimental designs).
Thus, 287 studies (401 reports) are considered/cited in this review. These comprise 214 reports
relating to 144 included studies, 157 reports relating to 115 excluded studies, two reports relating
to two ongoing (fluoride varnish) studies, and 28 reports relating to 26 studies waiting assessment
(either because they require translation, because translation and contact with the authors have not
ascertained whether all inclusion criteria have been met, or because additional information has not
been obtained yet for two studies in abstract form).
Listed either under excluded or included studies are 91 reports (25%) in languages other than
English; 39 in German, 14 in Portuguese, seven in Spanish, seven in Russian, five in Japanese, four
in French, three in Hungarian, three in Danish, two in Dutch, two in Italian, two in Polish, one in
Czech, one in Bulgarian, one in Norwegian. The reports in Portuguese, Spanish and Italian have
been assessed by the contact reviewer, and the others by the reviewer with a translator (some
reports have not been translated due to the availability of a full text English report of the same
study, or because sufficient information was available in the English abstract to exclude the study).
EXCLUDED STUDIES
See 'Characteristics of excluded studies' for the description of reasons for rejecting each study.
We have excluded 33 fluoride varnish studies, 11 fluoride gel studies, 38 fluoride mouthrinse
studies, and 33 fluoride toothpaste studies.
All 115 studies were excluded for a variety of reasons. Twenty-eight studies had non-fluoride or
other fluoride-based interventions, or active agents in addition to the ones considered in this
review. In one study a fluoride intervention was associated to the control group, and in two studies
the fluoride rinsing solution was supposed to be swallowed. Five studies involved children with
specific health problems, and eight studies included participants older than 16 years of age. In two
studies, the length of follow up was 6 months (and relevant outcomes were not reported in one of
these). Ten (fluoride varnish) studies used the within-subject paired design, or 'split-mouth' design.
The remaining studies were excluded for reasons related to random allocation or blind assessment
of outcome as described in the Methods section.
INCLUDED STUDIES
See 'Characteristics of included studies' tables of individual reviews of fluoride gels, varnishes,
mouthrinses, and toothpastes for details of each study.
There are 144 trials included. The studies conducted by Forsman 1974; Hargreaves 1973;
Horowitz 1971a; Koch 1967; Koch 1967c; Marthaler 1970; Marthaler 1970b; Zacherl 1970; Held
1968; Marthaler 1965; and Torell 1965 have been treated as two (or more) independent trials each,
because the results for the two (or more) age groups, and/or study sites, and/or comparisons
involved were reported separately as distinct studies. There were also completely distinct studies
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published as such in the same year by the same author: Zacherl 1972/Zacherl 1972a; Koch
1967a/Koch 1967b; Koch 1967e/Koch 19671; and Slack 1967/Slack 1967a. All 214 reports were
published between 1955 and 1999. The 144 trials were conducted between 1954 and 1996: three in
the 1950s, the great majority in the 1960s and 1970s, 16 in the 1980s, and four in the 1990s. The
majority of studies were conducted in industrialized countries, especially USA, UK, European and
Scandinavian countries, but there were at least 14 conducted in other countries. Twenty-two
studies had at least one report published in languages other than English and 12 studies had only
non-English publications (one of these, Treide 1988, reported data for deciduous teeth only).
There are 74 toothpaste trials included, followed by 36 mouthrinse trials, 25 gel trials, and nine
varnish trials (the same trials are included in the separate reviews of fluoride toothpaste,
mouthrinse,gel and varnish respectively).
Fifty-eight studies had more than one topical fluoride treatment group compared to a control.
Forty-six studies compared different characteristics of the same modality of TFT (e.g. different
concentrations o f fluoride ions in a mouthrinse) and eight studies (which have been entered as 16
comparisons/studies) compared two or more relevant modalities of TFT to a common control
group (in two of these, entered as four studies, different features of each modality were compared
concomitantly). One hundred and twenty-five trials used a placebo control group and the remaining
19 used a no treatment control group. Study duration ranged from 1 to 6 years, with the great
majority of studies lasting 2 or 3 years. Studies were generally large with only 15 allocating less
than 100 children to relevant study groups, nearly all recruited from school settings.
There was substantial variation in the characteristics of participants and interventions in the trials
included. While the majority of studies reported on exposure or not to fluoridation, background
exposure to fluoride toothpaste (or other fluoride sources) was clearly reported in very few studies.
Caries prevalence at baseline was generally reported. All fluoride varnish and gel trials reported
whether or not applications were carried out by professionals, and with two exceptions, all fluoride
toothpaste, mouthrinse and gel trials (of self applied gel) reported whether or not TFT use was
carried out under supervision (by dental personnel, trained non-dental personnel, or by mothers and
dental personnel in preventive programmes; or 'unsupervised' at home). Fluoride concentrations
and application frequencies varied greatly among TFT modalities and within each modality, and
were reported in the great majority of studies.
All but five of the 144 trials reported caries increment data (or data from which these could be
derived) at the tooth surface level (D(M)FS was reported in 135 trials, defs in one of these, and
d(e/m)fs in the other four trials). Data at the tooth level for the permanent dentition (D(M)FT)
were reported in 79 of the 139 trials that reported any caries increment data; only one of the five
trials that reported caries increment data for deciduous teeth (dmfs) reported these data at the
tooth level (dmft). With regard to the components of the DMFS index used, 92 trials reported
DMFS data and 56 trials reported DFS data. Sixty-five trials presented D(M)FS data at more than
one follow-up time. Clinical and radiographic examinations provided 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 clinically 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 cavitation; ER = any radiolucency in
enamel/enamel-dentin junction; DR = radiolucency into dentin. Many trials presented results using
one caries grade only (usually CA/ER or CA/DR), others either did not report the grade, or
reported caries increment data at both levels of diagnosis, in which case CA was chosen. Data on
the state of tooth eruption considered were not clearly specified in many trials. The seven studies of
Marthaler used partial recording as opposed to the full mouth recording used in all others.
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The 'Table of included studies' in the individual reviews of fluoride gels, varnishes, mouthrinses,
and toothpastes provides a description of all the main outcome data reported from each study with
the primary measure chosen featuring at the top.
Other dental caries data reported in a few trials; caries incidence/attack rate, caries progression,
proportion of children developing new caries, proportion of children not remaining caries-free,
proportion of teeth developing new caries and failures (carious teeth) over time, proportion of
caries-free teeth/surfaces which developed caries.
Data on adverse effects were reported in a few trials (partially reported or unusable data in many of
these): stain score, proportion of children with tooth staining, signs of sensitivity in oral soft tissue,
adverse symptoms (nausea/vomiting), etching of enamel. Fluorosis data have not been reported in
any of the trials. Data for unacceptability of treatment (as measured by dropouts/exclusions) were
reported in 10 non-placebo controlled trials.
ONGOING STUDIES
See 'Characteristics of ongoing studies' table (in the fluoride varnish review) for details of each
study.
We have identified two ongoing randomized trials of fluoride varnish, one from UK and the other
from USA.

Methodological quality of included studies
Based on 28 studies included in the topical fluoride reviews and randomly selected for assessment
of reproducibility and agreement between two reviewers, interrater 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).
As expected, there was a considerable variation in the quality of the studies in this review (using
the reported information and additional information obtained from investigators). One hundred and
nine trials included in this review were described as randomized but provided no sufficient
description on how the 'random' allocation was done, and 21 trials were considered to be quasi
randomized. Double-blinding was described in 118 trials, single-blinding (blind outcome
assessment but no placebo used) was described in 14 trials, and blind outcome assessment was
indicated in 12 trials.
Seventy-two per cent (72%) of the participants originally enrolled in these studies were included in
the final analysis (60,423 analysed out of 85,093 initially randomized). These data exclude 27 of
the 144 included studies which provided no information on the number of participants randomized
to relevant groups. Drop-out rates were obtained from all but 11 of the 144 included studies and
ranged from 4% at 2 years to 66% at 3 years. The most common reason for attrition was that
participants were not available for follow-up examination at the end of the study.
Cluster randomization was used in two trials (Bravo 1997; Ruiken 1987) where school classes (in
the first trial) and schools (in the second trial) were used as units of randomization and children
used as units of analysis. Individuals were allocated to study arms in all other trials, and each
participant's caries incidence, over a period of time was used as the unit of analysis.

Review Manager 4.2.2

25/09/2003

Topical fluoride (toothpastes, mouthrinses, gels or varnishes) fo r preventing denta

19

Results
EFFECT OF TOPICAL FLUORIDES ON DENTAL CARIES INCREMENT
The effects of fluoride toothpaste, mouthrinse, gel and varnish on dental caries increment (as
measured by the DMF index) were reported in a variety of 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 Surfaces Prevented Fraction (D(M)FS PF), with results from
analyses of associations between this and study characteristics;
(2) Decayed, (Missing) and Filled Teeth Prevented Fraction (D(M)FT PF);
(3) decayed, (missing/extraction indicated), and filled surfaces Prevented Fraction (d(m/e)fs PF).
Estimates of the effects of topical fluoride therapy (TFT) are therefore presented for caries
increment in the permanent and in the deciduous dentitions.
Five included studies (Brandt 1972; de Liefde 1989; Homan 1969; Powell 1981; Slack 1964) did
not contribute (caries increment) data suitable for meta-analysis, although they are retained in the
review (characteristics of each are described in the 'Table of included studies' of the relevant
individual reviews, and the basic findings reported or obtained from the authors are described
below). Standard deviations (SD) of mean caries increment data in the permanent dentition (new
D(M)FS) were (partly) missing in 34 of the 135 studies which contributed data (Abadia 1978;
Abrams 1980; Bastos 1989; Bijella 1981; Clark 1985; DePaola 1977; Dolles 1980; Driscoll 1982;
Finn 1975; Fogels 1979; Forsman 1974; Forsman 1974a; Gallagher 1974; Hargreaves 1973;
Hargreaves 1973a; Hargreaves 1973b; Heidmann 1992; Held 1968; Held 1968a; Held 1968b;
James 1977; Kinkel 1972; Laswell 1975; McConchie 1977; Mestrinho 1983; Modeer 1984;
Moreira 1972; Muhler 1955; Poulsen 1984; Ran 1991; Ran 1991a; Ruiken 1987; Segal 1967; van
Wyk 1986). 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
increment) = 0.64 + 0.55 log (mean caries increment), (R-squared = 77%). This equation was used
to estimate missing standard deviations from mean D(M)FS increments for the meta-analyses.
Similarly, this regression equation was used to estimate missing standard deviation data for 15 of
the 79 trials reporting D(M)FT data (Abrams 1980; Bastos 1989; Bijella 1981; Finn 1975; Fogels
1979; Hargreaves 1973; Hargreaves 1973a; Hargreaves 1973b; Held 1968; Held 1968a; Held
1968b; Holm 1984; McConchie 1977; Mestrinho 1983; Muhler 1955). Standard deviation data
were missing in four of the five trials reporting mean caries increment data in the deciduous
dentition (Clark 1985; Englander 1978; Frostell 1991; Treide 1988). The 'd(e/m)fs' for these trials
were also estimated with the regression equation. Only one of the studies reporting d(e/m)fs data is
also included in the analysis of D(M)FS PF (Clark 1985).
There were eight included studies that had a common control group and tested two different
modalities of TFT (Ashley 1977; Blinkhorn 1983; DePaola 1980; Mainwaring 1978; Marthaler
1970; Marthaler 1970a; Ran 1991, Ringelberg 1979). These have been entered as 16
comparisons/studies (dividing up the control groups into approximately equally sized smaller
groups to provide a pairwise comparison for each modality; means and standard deviations were
unchanged).
We have decided to exclude the trials of Ran 1991/Ran 1991 a (fluoride gel and toothpaste
comparisons respectively with a common control group) from all analyses because the control
DMFS increment was very small (0.2) in these comparisons, resulting in a poor estimate of PF.
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(1) Effect on perm anent tooth surfaces: D(M)FS PF
The random effects meta-analysis of all 133 trials combined suggested a clear benefit from the use
of topical fluorides. The D(M)FS PF pooled estimate was 0.26 (95% confidence interval (Cl), 0.23
to 0.29; p < 0.00001). However, substantial heterogeneity in results could be observed graphically
and statistically (chi square = 745.25 on 132 degrees of freedom, p < 0.00001). The [method of
moments-based] estimate of among-trial variance in the random effects meta-analysis was 0.018,
corresponding to a standard deviation of 0.134. Thus, an approximate, though anti-conservative,
interval in which at most 95% of underlying PFs might lie is from 0.262 - 1.96*0.134 to 0.262 +
1.96*0.134, that is from 0.00 to 0.53. This provides strong evidence of a generalizable beneficial
effect of topical fluoride therapy.
(a) Metaregression, subgroup and sensitivity analyses: D(M)FS PF
Metaregression analyses were performed to examine potential associations between study factors
and the estimated treatment effect of topical fluorides. Univariate metaregression suggested a
significant association between estimates of D(M)FS PFs and the following pre-specified trial
characteristics: baseline caries levels, mode/setting of TFT use (unsupervised self applied home
use/supervised self applied use in school-based programmes/operator-applied use), and type of
TFT used (fluoride vamish/gel/mouthrinse/toothpaste). Further univariate metaregression analyses
showed a significant association between estimates of D(M)FS prevented fractions and type of
control group (placebo/no treatment), language of publication (English/other than English only),
method of application (paint or tray/brush or rinse), fluoride concentration, and 'total intensity of
application', but statistical significance for 'intensity of application' (frequency x concentration) was
lost when the trial of Di Maggio 1980, a study with an unusually large PF, and hence of high
influence, was excluded, in a sensitivity analysis. Univariate metaregression did not reveal any
statistically significant associations between estimates of D(M)FS prevented fractions and the pre
specified factors background exposure to fluoridated water or background exposure to other
fluoride sources. In addition, no statistically significant associations were revealed in univariate
metaregression between estimates of D(M)FS PFs and allocation concealment (random/quasi
random), blinding of outcome assessment (blind/blind likely or unclear), drop-out rate, length of
follow up, frequency of use, mode of use (operator/self applied) or fluoride agent used
(APF/AmF/NaF/SMFP/SnF2).
The difference between TFT types (indirect comparisons) shown in the univariate analysis relates
to a greater benefit of TFT with the use of fluoride varnish. This modality has been found to be
significantly different (coefficient, 0.20; 95% Cl, 0.08 to 0.33; p = 0.001) from the other three
types of TFT (fluoride gel/mouthrinse/toothpaste), while differences among these three modalities
were not obvious. The analysis involved all 133 included trials (seven fluoride varnish trials, 22
fluoride gel trials, 34 fluoride rinse trials and 70 toothpaste trials). When the analysis was restricted
to 126 trials of fluoride gel, mouthrinse and toothpaste, no significant differences among these or
between each and the others were indicated either, although failure to identify such differences may
be due to low power. The unadjusted pooled estimate of treatment effects from the seven fluoride
varnish trials was 0.46 (95% Cl, 0.30 to 0.63; p < 0.0001); from the 22 fluoride gel trials was 0.28
(95% Cl, 0.19 to 0.37; p < 0.0001), from the 34 fluoride mouthrinse trials was 0.26 (95% Cl, 0.23
to 0.30; p < 0.0001), and from the 70 fluoride toothpaste trials was 0.24 (95% Cl, 0.21 to 0.28; p
< 0.0001). These results have been reported and examined in detail in separate component reviews
in this series focusing on the effectiveness of each TFT modality.
Metaregression results also clearly indicated a greater treatment effect in trials with no treatment
rather than placebo control groups (coefficient, 0.16; 95% Cl, 0.08 to 0.23; p < 0.0001). The
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strong evidence on differences in effect estimates by type of control group has been shown in a
previous review in this series, which focused on the effectiveness of fluoride gels (Marinho 2002).
The pooled estimate of treatment effect on D(M)FS PF from the 17 trials with a no treatment
control group was 0.40 (95% Cl, 0.31 to 0.49; p < 0.0001), while that from the 116 placebocontrolled trials was 0.24 (95% Cl, 0.22 to 0.27; p < 0.0001). However, heterogeneity among the
116 trials with placebo control groups was not substantially less (Q = 575.336 on 115 degrees of
freedom, p < 0.0001) than that observed when all trials were included in the meta-analysis.
Statistical significance was not lost when both factors, TFT types and type of control group, were
used in the metaregression model; i.e. greater treatment effects were still shown for fluoride varnish
trials compared with the other modalities of topical fluorides (coefficient, 0.14; 95% Cl, 0.02 to
0.26; p = 0.025) and in trials with no treatment rather than placebo control groups (coefficient,
0.14; 95% Cl, 0.05 to 0.23; p = 0.002). In addition, little change could be observed in the
metaregression results when all univariate metaregression analyses were performed in the subset of
117 placebo controlled trials. Because both these covariates have been identified as strong
predictors of treatment effect, we decided to adjust all metaregression analyses for type of TFT (all
four levels) and type of control group. In addition, we have decided to present the results of the
D(M)FS PF meta-analyses subgrouped by type of control group and TFT types.
The random effects meta-analyses of D(M)FS PFs, subgrouped by type of control group and TFT
types, are presented in RevMan Analyses. The pooled estimate of treatment effect on D(M)FS PF
from the t^ e e placebo-controlled fluoride varnish trials was 0.40 (95% Cl, 0.09 to 0.72; p = 0.01),
from the 13 placebo-controlled fluoride gel trials was 0.21 (95% Cl, 0.14 to 0.28; p < 0.00001),
from the 30 placebo-controlled fluoride mouthrinse trials was 0.26 (95% Cl, 0.22 to 0.29; p <
0.00001), and from the 70 placebo-controlled fluoride toothpaste trials was 0.24 (95% Cl, 0.21 to
0.28; p < 0.00001). Pooled estimates from the trials with no treatment control groups were: 0.52
(95% Cl, 0.35 to 0.69; p < 0.00001) for fluoride varnish, 0.38 (95% Cl, 0.23 to 0.53; p < 0.00001)
for fluoride gel, and 0.33 (95% Cl, 0.26 to 0.40; p < 0.00001) for fluoride rinse; there were no
non-placebo controlled fluoride toothpaste trials. [Differences between the subgroup results from
metaregression may differ from differences between the results of separate meta-analyses in
separate subgroups due to an assumption of similar residual heterogeneity among PFs made in the
metaregression analyses.]
We repeated the metaregression analyses adjusting for type of control group and all four levels of
TFT types. The association between baseline caries and D(M)FS PF remained significant (and the
regression coefficients almost unchanged) when both factors were included in the model
(coefficient, 0.007; 95% Cl, 0.002 to 0.01; p = 0.004). Lack of statistically significant associations
remained between estimates of D(M)FS prevented fractions and background exposure to
fluoridated water (coefficient, 0.03; 95% Cl, -0.03 to 0.09; p = 0.36) or background exposure to
any fluoride source (coefficient, -0.02; 95% Cl, -0.07 to 0.04; p = 0.56). For the three
modes/settings of TFT use categories, univariate meta-regression analysis had indicated a lower
treatment effect with unsupervised home use of TFT (some toothpaste trials only) (coefficient, 0.08; 95% Cl, -0.13 to -0.03; p = 0.002) compared with self applied supervised use or operatorapplied use, and no significant differences between these two. This association (unsupervised use
of TFT and D(M)FS PF) remained when adjusted first by type of control group (coefficient, -0.06;
95% Cl, -0.11 to -0.01; p = 0.025), and then by TFT type (coefficient, -0.10; 95% Cl, -0.17 to 0.03; p = 0.003). A higher treatment effect with supervised use of self applied TFT in school
programmes (virtually all mouthrinse trials, and some toothpaste and gel trials) compared with
unsupervised use and operator-applied TFT, not shown in the univariate analysis, appeared when
adjusting for type of control group (coefficient, 0.06; 95% Cl, 0.01 to 0.11; p = 0.015) and
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increased and became highly significant when TFT types were added to the model (coefficient,
0.11; 95% Cl, 0.05 to 0.17; p < 0.0001). A lower treatment effect with operator-applied TFT also
appeared in the model (coefficient, -0.13; 95% Cl, -0.27 to -0.00; p = 0.049). Within each
subgroup, statistically significant differences in treatment effect between fluoride varnishes and gels
remained in the operator-applied mode of TFT use, and no statistically significant differences were
shown among the three TFT types in the self applied supervised mode of use, or between fluoride
rinse and toothpaste in the unsupervised mode of use (only two fluoride mouthrinse trials in this
subgroup however). Associations between prevented fraction and language of publication remained
when adjusting for type of control group and TFT types, where a higher PF was shown for trials
reported only in languages other than English (coefficient, 0.11; 95% Cl, 0.02 to 0.19; p = 0.02),
but associations of D(M)FS PFs with method of application or with fluoride concentration became
non-significant when adjusted by type of control group and TFT types. The associations between
D(M)FS PFs with frequency of application and intensity of application became significant when
type of control group and TFT types were included in the metaregression (with or without the trial
ofDi Maggio 1980).
The association between type of control group and D(M)FS prevented fraction remained
significant when each investigated potential effect modifier was included in all bivariate or
multivariate metaregression analyses (with or without the trial of Di Maggio 1980). The
associations seen between TFT types (differences in treatment effect between fluoride varnish and
that of other TFTs) and D(M)FS prevented fraction also remained significant throughout, except
when adjusted by background exposure to fluorides (association between PF and exposure to other
fluoride sources remaining non-significant in the model), or by fluoride concentration (association
between PF and fluoride concentration becoming non-significant in the model), irrespective of
exclusion or not of the trial of Di Maggio 1980. However, associations between language of
publication and prevented fraction did not remain after excluding the trial of Di Maggio 1980 from
the analyses (in univariate and multivariate metaregression). Further sensitivity analysis removing
all but the 12 trials published only in languages other than English produced a D(M)FS pooled
estimate of 0.34 (95% Cl, 0.20 to 0.48; p < 0.0001), with substantial heterogeneity in results (Q =
122.181 on 11 degrees of freedom, p < 0.0001).
When the effect of each relevant covariate (type of control group, all four levels of TFT types, all
three levels of mode/setting of TFT use, background exposure to any fluoride, baseline caries, and
intensity of application) was controlled for all others in the metaregression model there remained
strong associations between DM(F)S PF and type of control group (0.13 higher PF with no
treatment control, 95% Cl, 0.05 to 0.21; p = 0.002), baseline caries (0.008 increase in PF per unit
increase in caries, 95% Cl, 0.004 to 0.012; p < 0.0001), total intensity of application (0.00002
increase in PF per extra equivalent to 100 more applications 1000 ppmF higher, 95% Cl, 0.000008
to 0.00004; p = 0.002), mode/setting of TFT use (-0.08 lower PF with unsupervised home use
compared with supervised use in preventive programmes, 95% Cl, -0.15 to -0.02; p = 0.01; and
both not significantly different from operator-applied use), and TFT type (-0.20 lower PF with
toothpaste compared to fluoride varnish, 95% Cl, -0.39 to -0.02; p = 0.033; and both not
significantly different from mouthrinse or gel).
All metaregression results, in each case adjusting for type of control group and all four levels of
TFT types, are provided in 'Additional Table 01; Random effects metaregression analyses of
prevented fractions: D(M)FS'. The influential study by Di Maggio 1980 is omitted from three
analyses: intensity of application and frequency of application with prevented fraction, and
language of publication with prevented fraction.
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It should be noted that although the number of data points (comparisons) in this review is
unusually high, reducing the possibility of spurious claims of association, all metaregression results
should be interpreted with a degree of caution given the large number of comparisons made and the
observational nature of the comparisons.
The additional uncertainty we should have about the cluster randomized trials by Bravo 1997 and
Ruiken 1987 had been taken account of in sensitivity analyses performed in previous component
reviews, where the variances of the prevented fraction estimates were inflated (using a conservative
value for the intraclass correlation coefficient (ICC)). The adjusted results were virtually identical
to the analyses, ignoring the cluster randomized design, since the estimates for the trials were
similar to the meta-analyses results and altering their weight had minimal effect.
In order to illustrate the magnitude of the overall effect of topical fluorides, numbers of children
needed to treat (NNT) to prevent one D(M)FS were calculated based on the pooled D(M)FS PF
and on the caries increments in the control groups of the trials that contributed data to the meta
analysis. The overall caries-inhibiting effect (% PF) derived from the pooled results of the 133 trials
was 26% (95% Cl, 23% to 29%); the caries increments in the included trials ranged from 0.2 to
7.7 D(M)FS per year. In populations with a caries increment of 0.2 D(M)FS per year (at the lowest
end of the results seen in the included studies), this implies an absolute caries reduction of 0.052
D(M)FS per year, equivalent to an NNT of 20 (95% Cl, 18 to 22): i.e. 20 children need to use
topical fluorides to avoid one D(M)FS. In populations with a caries increment of 2.5 D(M)FS per
year (at the mid range of the results seen in the included studies), this implies an absolute caries
reduction of 0.65 D(M)FS per year, equivalent to an NNT of 2 (95% Cl, 2 to 2): i.e. 2 children
need to use TFT to avoid one D(M)FS.
(b) Funnel plot and test for funnel plot asymmetry: D(M)FS PF
A funnel plot of the 133 trials reporting D(M)FS PFs may look asymmetrical, but the weighted
regression test for asymmetry (Egger 1997) was not statistically significant (asymmetry intercept =
-0.41 (95% Cl, -1.38 to 0.55; p = 0.4)). There is, therefore, no evidence of bias using this method.
The funnel plot of the 133 trials comparing TFT with placebo/no treatment is available in
'Additional Figure 01'.
Basic findings from studies which did not contribute data for the D(M)FS PF meta-analysis are as
follows:
Brandt 1972 - "Preventive effect on the incidence of caries from fluoride mouthrinsing was shown"
(compared with placebo).
de Liefde 1989 - "No preventive effect from mouthrinsing was shown" (compared with placebo).
Homan 1969 - "Negative outcome (no significant differences between fluoride toothpastes tested
and placebo)".
Powell 1981 - "Inhibitory effect on initial lesion progression was shown for fluoride dentifrice"
(compared with non-fluoride dentifnce).
Slack 1964 - "No evidence to support the use of the fluoride dentifrice in the control of caries"
(compared with non-fluoride dentifrice).
(2) Effect on permanent teeth: D(M)FT PF
Seventy-nine trials reported data which allowed the calculation of the D(M)FT prevented fraction.
All 79 are also included in the analysis of D(M)FS PF. The pooled estimate of D(M)FT prevented
fraction was 0.26 (95% Cl, 0.21 to 0.30; p < 0.00001). There was substantial heterogeneity
between trials (chi square = 845.06 on 78 degrees of freedom, p < 0.00001). The results of this
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analysis are very similar to those reported in the analysis of D(M)FS PF.
As with the estimates of the effects of TFT on D(M)FS PF, univariate metaregression suggested
that the estimates from trials using no treatment as opposed to placebo controls were substantially
higher (coefficient, 0.21; 95% Cl, 0.09 to 0.34; p = 0.001). The pooled estimate of the D(M)FT
prevented fraction from the seven trials with a no treatment control group (fluoride gel and varnish
trials only) was 0.45 (95% Cl, 0.32 to 0.58; p < 0.0001), while that from the 72 placebo-controlled
trials (all four modalities) was 0.24 (95% Cl, 0.20 to 0.28; p < 0.0001). When the meta-analysis
was confined to those trials with placebo controls, there remained substantial heterogeneity (Q =
591.33 on 71 degrees of freedom, p < 0.0001).
Differences between TFT types (indirect comparisons) shown for D(M)FS PF in metaregression
analyses were also suggested for D(M)FT PF. Fluoride varnish has been found to be significantly
different from the other types of TFT (coefficient, 0.28; 95% Cl, 0.08 to 0.33; p = 0.01);
differences among the other three modalities (fluoride gel/mouthrinse/toothpaste) were not
obvious. Although no significant differences between fluoride varnish and gel were shown when all
TFT types were in the model, these became significant when adjusted for type of control group (in
which case, differences between fluoride varnish and mouthrinse became non-significant). The
pooled estimate of treatment effect from the three fluoride varnish trials was 0.53 (95% Cl, 0.23 to
0.82; p < 0.0001); from the 10 fluoride gel trials was 0.32 (95% Cl, 0.19 to 0.46; p < 0.0001),
from the 13 fluoride mouthrinse trials was 0.24 (95% Cl, 0.18 to 0.30; p < 0.0001), and from the
53 fluoride toothpaste trials was 0.23 (95% Cl, 0.19 to 0.28; p < 0.0001). It should be noted that
there were only placebo-controlled fluoride toothpaste and mouthrinse trials reporting DMFT data.
The random effects meta-analyses of D(M)FT prevented fractions are presented in RevMan
Analyses, also subgrouped by type of control group and TFT types.
(3) Effect on deciduous tooth surfaces: d(e)fs PF
Five trials reported data which allowed the calculation of the 'd(e/m)fs' prevented fraction. Only
one of these (Clark 1985) is also included in the analysis of D(M)FS PF. The pooled estimate of
d(m/e)fs prevented fraction was 0.33 (95% Cl, 0.22 to 0.44; p < 0.0001), suggesting a substantial
benefit of TFT in the deciduous dentition. There was no statistically significant heterogeneity
between trials (chi square = 6.13 on 4 degrees of freedom, p = 0.19). These results should be
viewed with a degree of caution given the fact that standard deviations (SDs) were imputed
(regression equation) in four of the five trials. In addition, the test for heterogeneity has low power
to detect excess variability between the results of the trials when only a few trials are included.

Univariate metaregression suggested no significant association between estimates of d(e/m)fs
prevented fractions and type of control group (placebo/no treatment). Because the meta-analysis
included only five trials (three fluoride varnish trials and two fluoride gel trials), no further
exploration of competing explanations for heterogeneity in treatment effects was considered.
Metaregression would have had very limited power to detect any association under these
circumstances. However, we have decided to present the meta-analysis results stratified by type of
control group and TFT type, since there is clear evidence for the influence of these factors on
treatment effects. In fact, the pooled estimate of the d(e/m)fs prevented fraction from the two trials
with a no treatment control group was 0.41 (95% Cl, 0.26 to 0.55; p < 0.0001) while that from the
three placebo-controlled trials was 0.27 (95% Cl, 0.8 to 0.48; p < 0.004); and the pooled estimate
of treatment effect from the three fluoride varnish trials was 0.33 (95% Cl, 0.19 to 0.48; p <
0.0001) while that from the two fluoride gel trials was 0.26 (95% Cl, -0.11 to 0.63; p = 0.18).
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The random effects meta-analyses of d(e/m)fs prevented fractions are presented in RevMan
Analyses, subgrouped by type of control group and TFT types.
Numbers of children needed to treat (NNT) to prevent one defs were calculated based on the
pooled d(e/m)fs prevented fraction and on the caries increments in the control groups of the five
trials in the meta-analysis. In populations with a caries increment of 0.8 defs per year (at the lowest
end of the results seen in the included studies), this implies an absolute caries reduction of 0.26 defs
per year, equivalent to an NNT of 3.8 (95% Cl, 2.8 to 5.7); i.e. 4 children need to use topical
fluorides to avoid one defs. In populations with a caries increment of 1.9 defs per year (at the
highest range o f the results seen in the included studies), this implies an absolute caries reduction of
0.63 defs per year, equivalent to an NNT of 1.6 (95% Cl, 1.2 to 2.4); i.e. 2 children need to use
topical fluorides to avoid one defs.
EFFECT OF TOPICAL FLUORIDES ON OTHER OUTCOMES
Some trials report data for other relevant outcomes (see 'Included studies' under 'Description of
studies' section). Some of these are simply other measures/indices for dental caries increment in
permanent teeth/surfaces and require no further consideration; 12 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 either give no useable or incomplete data for
analysis, or are so closely related to specific TFT types (already reported in the separate reviews of
each) that it would not be meaningful to address these again in this review.
Data for unacceptability of treatment (as measured by drop outs) were reported in 10 of the non
placebo controlled trials that reported drop outs. Meta-analysis results for these are also described
below.
• Proportion of children developing new caries
Thirteen trials reported results on the proportion of children developing one or more new caries
(Dolles 1980; Finn 1975; Forsman 1974; Forsman 1974a; Gisselsson 1999; Hanachowicz 1984;
Heidmann 1992; Holm 1979; Holm 1984; Kleber 1996; Marthaler 1974; Torell 1965; Torell
1965a). The pooled estimate (random effects meta-analysis) of the risk ratio was 0.88, with
substantial heterogeneity in the results (95% Cl, 0.82 to 0.95; chi square for heterogeneity 53.88
on 12 degrees of freedom, p < 0.00001). [Using alternative measures of effect has not reduced
heterogeneity substantially.] This corresponds to an NNT to prevent one child from developing
caries of 15 (95% Cl, 10 to 34) in a population with a caries risk the same as that found in the
control groups in these trials (15 children using TFT for 2 to 3 years will prevent new caries
development in one child).
• Unacceptability of treatment (dropouts/exclusions)
The pooled estimate of the relative risk of dropping out from the TFT as opposed to the nontreatment arm in the 10 non-placebo controlled trials that reported drop outs (Abadia 1978; Bryan
1970; Craig 1981; Cobb 1980; Englander 1967; Holm 1979; Horowitz 1971; Ingraham 1970;
Modeer 1984; Moreira 1981) was 1.20 (95% Cl, 0.85 to 1.70). There was substantial
heterogeneity in these results (chi square = 40.85 on 9 degrees of freedom, p < 0.00001).

Discussion
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The first question addressed by this review was whether the use of topical fluoride therapy (TFT)
in the form of toothpaste, mouthrinse, gel or varnish for the prevention of dental caries in children
is overall better than not using a topical fluoride intervention. The review as a whole contains
information from over 65,000 children included in the trials comparing a topical fluoride
intervention with a placebo or no treatment, and suggests that the use of topical fluorides is
associated with a clear reduction in caries increment in both the permanent and the deciduous
dentition. For the great majority of children (approximately two thirds) the topical fluoride
modality they used was toothpaste, followed by mouthrinse, gel and varnish applications.
There is strong evidence of a generalizable beneficial effect of topical fluoride therapy. The random
effects meta-analysis of 133 trials combined assessing the effect of topical fluorides on the
permanent dentition suggests a caries inhibiting effect of 26% on average; an approximate, though
anti-conservative, interval in which at most 95% of underlying effects might lie is from 0% to 53%.
The average caries reduction of 26% would correspond to a number needed to treat (NNT) of 2 to
avoid one decayed, filled or missing tooth surface (DMFS) per year in a child population with a
caries increment of 2.5 D(M)FS per year (in the middle range of control group rates for included
studies), or an NNT of 20 for children from a population with a caries increment of 0.2 D(M)FS
per year (at the lowest end of the observed range). Only five studies reported the effects of topical
fluoride therapy on caries increment in deciduous tooth surfaces, two of these tested self
applications of fluoride gel with a toothbrush and three studies tested fluoride varnish applications.
The random effects meta-analysis of the five studies combined suggests that the use of topical
fluoride applications is associated on average with a 33% (95% confidence interval (Cl), 22% to
44%) reduction in decayed, missing and filled tooth surfaces. This would correspond to an NNT of
2 to avoid one defs per year in a child population with a caries increment of 1.9 defs per year (at
the highest end of the control group rates), or an NNT of 4 for children from a population with a
caries increment of 0.8 defs per year (at the lowest end of the observed range). It should be noted
that although the variation among the results of the 133 studies assessing the effectiveness of
topical fluoride on the permanent dentition is substantial, the results of the few studies on the
effectiveness of topical fluoride on deciduous tooth surfaces are less heterogeneous. On the other
hand, the confidence intervals are relatively wide for the effect on deciduous tooth surfaces, since
relatively few trials were included in the meta-analysis (1685 participants).
A secondary objective of this review was to exploit power to look at potential sources of
heterogeneity between studies across all four types of topical fluoride interventions and at indirect
comparisons of the different TFT types. It was examined extensively whether there was any
relationship between the caries-preventive effectiveness of topical fluoride therapy and a number of
factors, including initial level of caries, background exposure to extraneous fluoride sources,
mode/setting of TFT use and type of topical fluoride intervention used. A significant influence of
the pre-specified factors/variables initial level of caries, mode/setting of use, and type of topical
fluoride on the prevented fraction (PF) was shown in the metaregression analyses performed.
Among the other potential sources of heterogeneity investigated, a significant influence of type of
control group was shown.
We have detected a constant relative increase in the PF of 1% on average 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. On the other hand, we were unable to detect a clear relationship
between background exposure to other fluoride sources and the magnitude of the treatment effect.
Although this may have been partly influenced by potential misclassification, especially due to the
incomplete reporting of data for exposure to fluorides other than water, the lack of association
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between background exposure to water fluoridation and treatment effect, based on analysis
including 116 trials (20 of which were in fluoridated areas), implies that estimates of treatment
effect were similar between trials conducted in fluoridated and non-fluoridated areas i.e. use of
topical fluoride may provide additional caries reduction in subjects from fluoridated areas.
There is evidence of a 14% greater caries inhibiting effect with the use of fluoride varnish
compared with the other TFT types (gels, mouthrinses and toothpastes), while no significant
differences in treatment effects among these or between any one of these and the others were
suggested. However, relatively few fluoride varnish trials were included and very few among these
were placebo-controlled trials, making it difficult to rule out the possibility of an overestimation of
the size of the effect, due to the preponderance of no treatment control studies of lower
methodological quality in this subgroup. Further, conclusions about differences in effect due to
differences between topical fluoride interventions are on a strongest ground if participants are
randomized to one type of TFT or another within a study and a consistent relationship is found
across similar studies, but surely such investigations could not be performed in a review including
only placebo/no-treatment comparisons. Therefore, these results should be interpreted with caution
since the investigation of differences between subgroups is effectively a non-randomized
comparison, and is prone to all the difficulties in inferring causality in observational studies.
Nevertheless, the adjusted indirect comparisons resulting from the metaregression analyses
performed in this review had the advantage that other possible explanations for heterogeneity in
different trials, including prognostic factors of participants (such as baseline caries levels and
background exposure to fluorides), intervention and actual trial characteristics, could be partially
taken into account. Another advantage was that uncertainty could be incorporated in the analyses
results by providing wider confidence intervals.
We observed a 10% decrease in the PF with the unsupervised home use of topical fluoride
interventions (basically toothpaste) compared with supervised and with operator-applied use in the
adjusted metaregression analysis. In addition, the effect of self applied supervised use of TFT
appeared to be 11% greater than that of operator-applied and unsupervised home use of TFT.
These differences in treatment effect between trials of supervised use and both unsupervised use
and operator-applied use are perhaps unsurprising. They are likely to reflect the more intensive use
of topical fluoride interventions under supervised schemes. As regards the suggested greater
treatment effect with increased frequency and intensity of topical fluoride application in this review,
this had been indicated in two other reviews in this series (Marinlio 2002; Marinho 2003) and
should probably be more relevant in the context of each specific review. It should be pointed out
that metaregression analyses including 130 trials should have sufficient power to detect such
relationships, but more robust investigations of these aspects of the topical fluoride interventions
also require direct, head to head comparisons of different frequencies/intensities of application,
which were not within the scope of this review.
Treatment effects estimates from the trials that employed a no-treatment control group were on
average 14% more beneficial than from those with a placebo control group. The strong evidence
on differences in effect estimates by type of control group shown in this review (which included
116 placebo controlled trials and 17 no-treatment control comparisons in the analysis) was also
indicated in a previous systematic review in this series (Marinho 2002). Blind assessment of
outcome was an inclusion criterion used across all reviews but clearly participants could not have
been blinded in trials with no treatment controls. Although it is unclear why this should have been
associated with differences in outcome in these particular circumstances, type of control group can
be considered a useful 'proxy' for the use or not of double-blinding in included studies, a key
methodological feature that may represent the best indicator of study quality in these reviews. With
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regards to the key quality domain of allocation concealment, no association with treatment effect
could be demonstrated for this, possibly due to the fact that the randomization process was poorly
described in the studies included.
We observed a significantly greater treatment effect in non-English language trials in the post hoc
metaregression analyses performed. Although plausible (Juni 2002), this relationship was
dependent on the inclusion of one study with particularly powerful effects (Di Maggio 1980). After
exclusion of this study in a sensitivity analysis no significant association was seen with this factor.
It should be noted however that comprehensive searching and data extraction from as many trials
as possible published in any language was an important component of this review in an attempt to
reduce biases and imprecision. Although the exclusion of trials published in languages other than
English may have little impact on the summary effect estimate of a review that includes so many
trials, such studies carried out in a variety of countries should maximise the ability of users of the
review to judge its applicability for specific decisions on the appropriate use of topical fluorides.
Although visual inspection of the funnel plot may suggest a degree of asymmetry, the Egger formal
test for asymmetry provided no evidence of a significant relationship between trial size and effect
estimate. Therefore, there is no evidence that the smaller studies in the meta-analysis of D(M)FS
PFs tend to show larger treatment effects in this review.
We found little useful information about the risk of adverse effects in the topical fluoride reviews,
and the few results available are discussed in the context of each relevant separate review in this
series.
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Reviewers' conclusions
Implications for practice
The use of topical fluoride therapy is associated with a clear reduction in caries increment in
children. While we found evidence that the relative effect of topical fluoride may be greater in
those who have higher baseline levels of decayed, missing and filled tooth surfaces (D(M)FS), we
found no evidence that the effect of topical fluoride was dependent on background exposure to
fluoridated water or other fluoride sources. In addition, a higher D(M)FS prevented fi’action was
shown with increased total intensity of fluoride application, with self applied supervised use (where
a higher compliance with topical fluoride interventions as recommended should be expected), and
with the use of fluoride varnishes compared with the other topical fluoride modalities. Research on
the effects of fluoride varnish has been of lower methodological quality however. The effect of
topical fluoride also varied according to type of control group used; the D(M)FS prevented
fraction was higher with no treatment compared with placebo. Unfortunately, little information is
available on the effects of topical fluoride therapy on outcomes such as caries incidence in the
deciduous dentition and on the likelihood of adverse effects. The general lack of evidence on
outcomes other than caries increment in children's permanent teeth makes it more difficult for
policy makers to weigh the benefits of topical fluoride use in preventing caries against potential
negative effects.

Implications for research
This systematic review included placebo controlled trials as well as trials with no treatment controls
on the effects of topical fluoride therapy (TFT) on dental caries in children. There is sufficient
evidence to establish that this factor (type of control group) represents an important source of
heterogeneity and a strong indicator of study quality in the topical fluoride reviews. Although many
reports lacked important methodological details, the review findings are quite strong, based on a
sizeable body of randomized evidence. In this review, the meta-analyses were stratified by both
type of control group and type of topical fluoride intervention (all four levels). Here, a test of
differences between subgroups in multivariate metaregression analyses was effectively an indirect
comparison of the effects of the various topical fluoride interventions. Although such a test can
provide indirect evidence of relative treatment effects, it may be less reliable than evidence from
randomized controlled trials that compare the interventions directly (head to head comparisons).
We need therefore to be cautious about drawing conclusions about the relative efficacy of the TFT
interventions based on such evaluation of the magnitude of treatment effects across studies.
Fortunately, direct evidence from head to head comparisons is available for the various topical
fluoride interventions and this will be the subject of the next systematic review in this series.
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Characteristics of excluded studies
Study ID

Reason for exclusion

Aasenden 1972

Fluoride solution swallowed after rinsing (even though no systemic
effect should be anticipated for this age group).

Antia 1974

Random or quasi-random allocation not stated.

Arcieri 1981

Random or quasi-random allocation not stated. Blind outcome
assessment not stated.

Axelsson 1976

Additional fluoride-based intervention associated to fluoride
mouthrinse/toothpaste. Blind outcome assessment not stated.

Badersten 1975

Additional non-fluoride based intervention associated to fluoride
mouthrinse. Random or quasi-random allocation not stated or
indicated. Blind outcome assessment not stated or indicated.

Bellini 1981

Additional fluoride based intervention associated to fluoride gel. Blind
outcome assessment not stated and unlikely.
Note - no relevant outcome reported.

Bibby 1945

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Billy-Pryga 1983

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Birkeland 1973

Length of follow up of less than 1 year/school year. Relevant outcomes
not reported. Blind outcome assessment not stated.

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.

Bohannan 1985a

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Boyd 1985

Additional fluoride based intervention associated to fluoride gel/rinse.
Clearly not randomized or quasi-randomized. Blind outcome
assessment not stated. Length of follow up of less than 1 year/school
year.

Bristow 1975

Additional interventions associated to fluoride mouthrinse. Only two
clusters (schools), each assigned to one of the two study groups.
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Brodeur 1989

Open outcome assessment.

Castellanos 1983

Open outcome assessment reported after contacting author.

Chikte 1996

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Clark 1985a

Clearly not randomized or quasi-randomized (concurrent control group
taken from another study).

Corpus 1973

Clearly not randomized or quasi-randomized (systematic allocation
according to participants' characteristics). Blind outcome assessment
not stated or indicated.

de Canton 1983

Additional fluoride and non-fluoride based interventions associated to
fluoride mouthrinse. Random or quasi-random allocation not stated.

DePaola 1967

Additional fluoride-based intervention associated to fluoride
mouthrinse. Blind outcome assessment not stated.

Disney 1989

Additional non-fluoride based intervention associated to fluoride
mouthrinse. Random or quasi-random allocation not stated or
indicated. Blind outcome assessment not stated or indicated.

Downer 1976

Additional fluoride-based intervention associated to fluoride
toothpaste.

Ennever 1980

Random or quasi-random allocation not stated or indicated.

Esteva Canto 1991

Clearly not randomized or quasi-randomized. Blind outcome
assessment not stated or indicated.

Fernandez 1979

Open outcome assessment. Random or quasi-random allocation not
stated or indicated.

Finn 1963

Medically compromised group of institutionalised children selected.

Frank] 1972

Fluoride solution swallowed after rinsing (even though no systemic
effect should be anticipated for this age group).

Gish 1965

Additional fluoride-based intervention associated to fluoride
toothpaste. Blind outcome assessment not stated.

Gray 1980

Additional fluoride-based intervention associated to fluoride
mouthrinse.

Grodzka 1982

No random or quasi-random allocation used. Open outcome
assessment reported after contacting author.

Gutherz 1968

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.
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Halikis 1966

Random or quasi-random allocation not stated or indicated.

Heifetz 1979

Additional fluoride based intervention associated to fluoride gel/rinse.
Note - inappropriate 'placebo' used.

Hetzer 1973

Additional non-fluoride based intervention associated to fluoride
varnish. Random or quasi-random allocation not stated or indicated.
Blind outcome assessment not stated and unlikely.

Heuser 1968

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not stated and unlikely. Varnish
applied once in 15 months.

Hill 1959

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.

Hochstein 1975

Medically compromised group of children selected. No random or
quasi-random allocation used (non-random concurrent control). Open
outcome assessment.

Irmisch 1974

Additional active agent associated to fluoride in mouthrinse. Random
or quasi-random allocation not stated or indicated. Blind outcome
assessment not stated or indicated.

Ivanova 1990

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

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 randomized to one of the two
interventions compared.

Kani 1973

Random or quasi-random allocation not stated. Blind outcome
assessment not stated.

Kasakura 1966

Random or quasi-random allocation not stated. Blind outcome
assessment not stated or indicated.

Kitsugi 1978

Additional intervention associated to fluoride mouthrinse.

Kolehmainen 1979

Split-mouth design - sites within a participant's mouth were allocated
to treatment and placebo groups.

Kolehmainen 1981

Split-mouth design - sites within a participant's mouth were allocated
to treatment and placebo groups.

Kukleva 1983

Random or quasi-random allocation not stated or indicated. Open
outcome assessment reported after contacting author.

Kukleva 1998

Random or quasi-random allocation not stated or indicated. Open
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outcome assessment reported after contacting author.
Kunin 1991

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Kunzel 1977

Additional fluoride-based intervention associated to fluoride
toothpaste.

Kunzel 1978

Only two clusters (schools), each assigned to one of the two study
groups. Blind outcome assessment not stated or indicated.

Lagutina 1978

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Lehnhoff 1966

Participants more than 16 years old selected.

Lieser 1978

No random or quasi-random allocation used (non-random concurrent
control - by matching procedure). Blind outcome assessment not stated
and unlikely.

Lindquist 1989

Fluoride based intervention associated to control group.

Louw 1995

Random or quasi-random allocation to groups not stated or indicated.
Blind outcome assessment not stated or indicated.

Lu 1985

Additional active agent associated to fluoride in toothpaste.

Luoma 1978

Additional fluoride-based intervention associated to fluoride
mouthrinse/toothpaste.

Maiwald 1973

Random or quasi-random allocation not stated or indicated.

Maiwald 1978

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Mari 1988

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Mari 1988a

Random or quasi-random allocation not stated or indicated.
Note - two clusters, each assigned to one of the two groups.

McCormick 1970

Random or quasi-random allocation not stated.
Note - only post-treatment effects reported.

Mellberg 1978

Blind outcome assessment not stated and unlikely in any element
/phase of assessment.

Mendonca 1995

Open outcome assessment reported after contacting author.

Mergele 1968a

Medically compromised group of institutionalised young adults and
children selected.

MoIIer 1968

Additional active agent associated to fluoride in test toothpaste.
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Morgan 1998

Additional non-fluoride based intervention associated to fluoride
mouthrinse. Blind outcome assessment not stated.

Morozova 1983

Additional intervention associated to fluoride mouthrinse. Random or
quasi-random allocation not stated or indicated. Blind outcome
assessment not stated or indicated.

Muhler 1955a

Random or quasi-random allocation not stated.

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.

Murray 1977

Split-mouth design - sites within a participant's mouth were allocated
to treatment and placebo groups.

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.

Pashaev 1977

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups. Random or quasi-random allocation
not stated. Blind outcome assessment not stated and unlikely.

Patz 1970

Participants more than 16 years old selected. Blind outcome
assessment not stated.

Peflley 1960

Participants more than 16 years old selected. Random or quasi-random
allocation not stated. Blind outcome assessment not stated.

Petersson 1998

No random or quasi-random allocation used (non-random concurrent
controls - by matching procedure). Blind outcome assessment not
stated and unlikely.

Piccione 1979

Blind outcome assessment not stated or indicated.

Pinto 1993

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

Ramos 1995

Open outcome assessment.
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Riethe 1975

Blind outcome assessment not stated or indicated.

Riethe 1977

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Roberts 1948

Clearly not randomized or quasi-randomized (concurrent control group
selected by matching procedure).

Rodriguez Miro 1983

Additional active agent associated to fluoride in mouthrinse. Only three
clusters (school classes), each assigned to one of the three
interventions compared.

Rodriguez Miro 1988

Additional non-fluoride based intervention associated to fluoride
varnish.

Ruszynska 1978

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Salem 1979

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Schmidt 1970

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Seppa 1982

Split-mouth design - sites within a participant's mouth were allocated
to treatment and control groups.

Shobha 1987

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.
Note - main outcome data not reported in control group (and not
obtainable).

Spears 1978

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not stated and unlikely .
Note - dramatic drop-out rate during the study period.

Stadtler 1982

Medically compromised group of institutionalised children selected.

Stookey 1975

Random or quasi-random allocation not stated.

Suntsov 1991

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.
Note - only post-treatment effects reported.

Swerdloff 1969

Length of follow up of less than 1 year/school year.

Szoke 1989

Additional fluoride or non-fluoride based intervention associated to
fluoride gel. Random or quasi-random allocation not stated or
indicated. Blind outcome assessment not stated and unlikely.

Szwejda 1971

No random or quasi-random allocation used (concurrent control taken
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from another study).
Todorashko 1983

Additional fluoride based intervention associated to fluoride varnish.
Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely.

van Eck 1984

No random or quasi-random allocation used (non-random concurrent
control - by matching procedure).

Wegner 1976

Medically compromised group of children selected. No random or
quasi-random allocation used (non-random concurrent control). Blind
outcome assessment not stated and unlikely .

Weisz 1960

Clearly not randomized or quasi-randomized (concurrent control group
taken from a different population). Open outcome assessment.

Widenheim 1989

Clearly not randomized or quasi-randomized (concurrent control group
taken from a different population). Open outcome assessment.

Wilson 1978

Random or quasi-random allocation not stated.

Winter 1975

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not stated and unlikely .

Wrinkler 1953

Random or quasi-random allocation clearly not used (non-random
concurrent control: by matching procedure).

Wycoff 1991

Clearly not randomized or quasi-randomized. Blind outcome
assessment not stated or indicated.

Zizkert 1982

Additional fluoride-based intervention associated to fluoride
mouthrinse/toothpaste.

ZLnmer 1999

No random or quasi-random allocation used (non-random concurrent
control). Blind outcome assessment not used.
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Table of comparisons
01 Topical Fluoride versus Placebo/No-treatment
01 D(M)FS increment (PF) - nearest to 3 years (133 trials)
01 Fluoride Toothpaste versus Placebo
02 Fluoride Gel versus Placebo
03 Fluoride Varnish versus Placebo
04 Fluoride Mouthrinse versus Placebo
05 Fluoride Gel versus No-treatment
06 Fluoride Varnish versus No-treatment
07 Fluoride Mouthrinse versus No-treatment
02 D(M)FT increment (PF) - nearest to 3 years (79 trials)
01 Fluoride Toothpaste versus Placebo
02 Fluoride Gel versus Placebo
03 Fluoride Varnish versus Placebo
04 Fluoride Mouthrinse versus Placebo
05 Fluoride Gel versus No-treatment
06 Fluoride Varnish versus No-treatment
03 d(e)fs increment (PF) - nearest to 3 years (5 trials)
01 Fluoride Gel versus Placebo
02 Fluoride Varnish versus Placebo
03 Fluoride Varnish versus No-treatment
04 Developing one or more new caries (12 trials)
05 Unacceptability of treatment as measured by leaving study early (10 trials)
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Additional tables
01 Random effects m eta regression analyses of prevented fractions: D(M)FS
Characteristic

No.
Slope
studies estimât
e

95% c.i.

Slope interpretation

p-value

F Gel vs F V arnish (indirect comparison)

29

-15%

(-28% t o -1.6%)

PF lower among Fluoride Gel trials

0.03

F Mouthrinse \ s F V arnish (indirect
comparison)

41

-14%

(-27% to -0.5%)

PF lower among Fluoride Mouthrinse trials

0.04

F Toothpaste vs F V arnish (indirect comparison) 77

-14%

(-27% to -0.6%)

PF lower among Fluoride Toothpaste trials

0.04

Control group

133

14%

(5% to 23%)

H igher PF for no-treatment compared \\ith placebo

0.002

Mean baseline caries

126

0.7%

(0.2% to 1.2%)

Increase in PF per unit increase in mean baseline caries

0.004

Fluoridated water

116

2.9%

(-3.3% to 9.1%)

Higher PF in presence of water fluoridation

0.4

Background fluorides

115

-1.5%

(-6.7% to 3.7%)

Lower PF in presence of any background fluoride

0.6

Operator vs unsuper\ ised (indirect comparison)

76

-3.4%

(-18% to 11%)

PF lower among operator applied TFT

0.7

Self applied supervised vs unsu p en ised (indirect
comparison)

111

11%

(3.7% to 17%)

PF higher among self applied supervised TFT

0.002

Mode o f use

133

13%

(0.12% to 27%)

PF higher among self applied (superv ised plus unsupervised)
TFT

0.5

Intensity (frequency x concentration)

2.5%
128
(exclud
es Di
M aggio
1980)

(1% to 3.9%)

Increase in PF equivalent to doubling from 100 to 200
applications and increasing by 1000 ppmF

0.001

Frequency of application

131
3%
(exclud
es Di
M aggio
1980)

(0.4% to 5.7%)

Increase in PF per 100 extra applications/year

0.03
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Fluoride concentration

129

-0.3%

(-1.4% to 0.9%)

Decrease in PF per 1000 ppm F

0.6

M ethod of application

133

-3.8%

(-21% to 14%)

Lower PF for tray or paint compared with brush or rinse

0.7

Allocation concealment

133

2.6%

(-5% to 10%)

Higher PF with poorly concealed allocation

0.6

Blind outcome assessment

133

1.4%

(-8.7% to 12%)

Higher PF with blind outcome assessment not clearly stated

0.8

Double-blinding

133

4.9%

(-8.7% to 18%)

Higher PF with lack of double-blinding

0.5

Drop out

128

1.7%

(-0.2% to 3.5%)

Increase in PF per 10 drop outs

0.08

Language o f publication

132
5.9%
(exclud
es Di
Maggio
1980)

(-3.1% to 15%)

Higher PF with publications only in languages other than English

0.2

Length o f follow up

133

-0.04%

(-3.9% to 3.8%)

Decrease in PF per extra year o f follow up

0.98

APF vs AmF (indirect comparison)

26

-3.9%

(-22% to 14%)

PF lower among APF trials

0.67

NaF vs AmF (indirect comparison)

48

-7.6%

(-20% to 5%)

PF lower among NaF trials

0.25

SMFP vs AmF (indirect comparison)

29

-8%

(-20% to 4%)

PF lower among SMFP trials

0.19

SnF2 vs AmF (indirect comparison)

28

-9.8%

(-22% to 2%)

PF lower among SnF2 trials

0.11
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A dditional figures
Figure 01
Funnel Plot o f D(M)FS PFs according to standard errors o f the studies included in the
meta-analysis
Review;
Topical fluoride (toothpastes, mouthrinses, gels or varnishes) for preventing dental caries in children and ad olescen ts
Comparison: 01 Topical Fluoride v ersu s Placebo/No-treatment
Outcome:
01 D(M)FS increment (PF) - nearest to 3 years (133 trials)
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Review: Topical fluoride (toothpastes, mouthrinses, gels or varnishes) for preventing dental caries in children and adolescents (THESIS CHAPTER 7)
Total number of included studies: 144

Comparison or outcome

Studies Participants Statistical method

Effect size

01 T op ical F luoride v e r s u s P la c eb o /N o -tre a tm en t
01 D (M )F S in crem en t (PF) - n ea re st to 3 y e a r s (1 3 3 trials)
0 2 D(M )FT in crem en t (PF) - n ea re st to 3 y e a r s (79 trials)
0 3 d (e )fs in crem en t (PF ) - n ea re st to 3 y ea r s (5 trials)
0 4 D ev e lo p in g o n e or m ore n ew ca r ie s (12 trials)
0 5 U n accep tab ility o f treatm en t a s m ea su re d by lea v in g stu d y early
(10 trials)

13 3

65179

P re v en te d Fraction (random ),

0 .2 6 [0 .2 3 , 0 .2 9 ]

79

4 1 391

P re v en te d Fraction (random ),

0 .2 6 [0 .2 1 , 0 .3 0 ]

5

168 5

P re v en te d Fraction (random ).

0 .3 3 [0 .2 2 , 0 .4 4 ]

13

5297

RR (random ), 95% Cl

0 .8 8 [0 .8 2 , 0 .9 5 ]

10

2897

RR (random ), 95% Cl

1 .2 0 [0 .8 5 , 1.70]

Review ;
C om p an so n :
O utcom e

Topical ftuonde (to o th p a s te s , m outhrinses. ge ls or v a rn ish e s) for preventing dental c a n e s in children and a d o le sc e n ts (THESIS CHA PTER 7)
01 Topical Fluoride v e r s u s P lacebo/N o-treatm ent
01 CXM)FS increm en t (P F ) - n e a re s t to 3 y e a rs ( 133 tn a ls)
P re v e n te d Fraction (random )

Study
or su b -categ o ry

P re v en ted Fraction (SE)

01 F luonde T o o th p a ste v e rs u s P la c e b o
77
W eber 1996
473
H anachow icz 1984
1300
C a h e n 1982
959
B uhe 1984
22
Di M aggio 1980
24
OoNes 1 980

-0.0400
0.2700
0.1300
0.2200
0.6100
0.1700

(0.2600)
( 0.0400)
(0.0400)
10.0300)
(0.0300)
( 0.3300)

Forsm an 1974
F o rsm an 197 4 a
U nd 1974
M arthaler 1974
Kinkel 1972
M arthaler 1970b
M arthaler 19 7 0 c
Held 1968
Held 19 6 8 a
Held 1968b
Koch 1967c
Koch 1967d
Koch 1 9 6 7 e
Koch 1967f

414
262
592

0.1000
0.0800
0.3200

(0.1000)
( 0.0900)
(0.0400)

50
354

M arthaler 1965
M arthaler 196 5 a
Tore» 196 5 a

145
42
335
1 48

0.3300
0.3700
0.2200
0.3500
0.8000
0.3100
-0.0900
0.4000
0.4800
0.3800
0.1100
0.3100
0.2600
0.2000
0.0600
0.1500
0.2100
0.2600
0.1900
0.1800
U . 3000
0,2200
0.2600

( 0.1100)
(0.0600)
(0.1400)
( 0.1800)
(0.0500)
(0.1900)
(0.3300)
( 0.0700)
(0.0500)
(0.1000)
(0.0900)
( 0.0600)
(0.1100)
(0.0500)
( 0.0600)
(0.0500)
(0.0300)
(0.0900)
( 0.0500)
(0.0500)
( 0.0500)
( Q. Ü4G0)
(0.0600)

Tore* 1965b
Tore* 1965c
Fanning 1968
Blinkhom 1 9 8 3 a
M ainw anng 1983
H odge 1980
M urray 1980
Naylor 1979
How at 1978
M ainw anng 197 8 a
AsWey 19 7 7 a
J a m e s 1977
Andiaw 1975
H a rg re a v e s 1973
H a rg re a v e s 1973a
H a rg re a v e s 1973b
S lack 1971
Naylor 1967
J a c k so n 1967
J a m e s 1967
Slack 1967a
S lack 1907
Rule 1984
G la s s 1983
G la s s 1978
Z ach eri 1981
A bram s 1980
F o g e ls 1979
P e te rs o n 1 979
Rlngelberg 1 9 7 9 a
R e e d 1975
R e e d 1973
Z acheri 1973
Z ach eri 1972
Z ach eri 1 9 7 2 a
W e is e n s te m 1972
Z ach eri 1970
Z ach eri 197 0 a
G ish 1960
Muhler 1970
M ergele 1968
P e te rs o n 1 907
S e g a l 1967
Horowitz 1966
Brudevoid 1 966
T h o m as 1966
M uhler 1955

43
23
32
19
14
64
60
32
127

422
184
458
597
750
319
253
791
24b
3b4
lfa3
146
146
821
494
438
406
376
356
460
567
178
1500
761

128
124
32
333
13?
180
422
92
224
202
356
306
242
158
121
379
3?b
140
139
151
289
479
4 33
3 9?
381
340
416
286
168
254
380
449
245
93
176
397

467
370
1 68
1128
220
224
231
216
6 84
210
206
196
261
251
268
260
163
165
235
201
197
190
634
320
3 38
310
329
309
955
323
309
155
225
219
16276
25520
Subtotal (95% Cl)
T e st for h etero g en eity ; Chi* = 4 8 9 .4 0 . df = 69 (P : 0 .0 0 0 0 1 ), I*
T e st for overall effect: Z = 13 41 (P < 0 .0 0 0 0 1 )

9 5% Cl

1.00
0.15
0 . 67
0.72
0 . 9b
0.63
0.87

H eidm ann 1 9 9 2
S p e ts4 4 a p p o n e n 1991

538
44

70
54 5
51

Q uaity

1996
1984
1982
1984
1980
1980
1 9 74
197 4
197 4

h

1967
1967
1967

0.72
0.87
0 . 63
0 . 92
0.97
0 . 92
1. 0 0
0.72
0 . 92
0 . 92
0 . 92
0 . 9b
0 . 87
0.87
0.77

1965
1965
1968
1983
1983
1980
1980
1979
1 9 78
1 9 78

( 0.0900)

0.72

0.0600
0.1200
0.2700

( 0.1300)
(0.2200)
(0.0900)

0 . 54
0.28
0.72

0.0800
0.3300
0.1400

( 0.1100)
(0.05001
( 0.0700)

0.4000
0.1600
0.0900
0.2800
0.0400
0.3500

(0.1100)
(0.2500)
(0.0900)
( 0.1700)
(0.1200)
(0.0800)

0.63
0 . 92
0.82
0.63
0.23
0.72
0 . 40
0 . 58
0.77

0.08
0.33
0 . 14
0.40
0.16

0.2900
0.2000
0.7500

(0.1100)
( 0.0900)
( 0.1200)

0.1400
0.0500
0.2600

( 0.2300)
( 0.1300)
(0.2200)

1.00
0 . 96

1977
1975
1973
1973

0.82
0.87
0 . 9b
0 . 9b
0 . 96
0 . 82
0.87

1973
1971
1967
1967
1967
1967
1967
1 9 84
1983
1978
1981
1990
1979
1979
1979
1975
1973
1973
1972
1972

0.82
0 . 82
0.77
0.87
0 . 96
0 . 96
0.72
0.63
0 . 77
0 . 87
0 . 67
0.87
0.87
0.82

1972
1970
1970
1966

1.00
0 . 82
0 . 77
0.87

2

5
6
7
8
9
10
11
12
13
14
15
16
17
18

2
5

h

i
i.

A
A

20
21
22
23
24
25
26
27
28
29

h
£

30
31
32

£

b
z
h
i

33
34
35
36
37

c
:
B
A
c
B
B
B

30
39

0. 18
0.06
0.12
0.27

1970

0.09
0.28
0 . 04
0.35
0.21

[ 0.00, 0. 36 )
[ - 0 . 1 9 , 0 . 31]
[ - 0 . 3 1 , C.55]
[0,09, 0.45]
[-0.14, 0.30]
[0.23, 0.43]
[ 0.00, 0. 28]
[ 0.18, 0. 62]
[-0.33, 0.65]
[-0.09,, 0.27]
[-0.05,, 0.61]
[-0.20,, 0.28]
[0.19, 0.51]
(0 .1 4, 0.2SÎ

0 . 63
0. 77

0.29
0.20
0.75
H. 4 0

[0.07,
[0.04,
[0.51,
[0.09,

1991
1985
1990

0.26
0 . 54
0 . 28

0.14
0.05
0.26

[-0.31,
[-0.20,
[-0.17,

0.51)
0.36)
0.99]
0.72)

0.59]
0.30J
0.69)

1980
1999
1985
1970
1974
1978
1970
1970
1992
1976
1972
1973

1998
1992
1991

41
42
43
44

1
B

47

B
E

48
49
50
51
52
53
54
55
56
57
58

B
B

B
B
c
c
B

1968
1967
1967
1966
1966
1966
1955

0 . 92
0 . 92
0.82
0.72
56. - 5 9

O rder

1
2
3
4

=
5

1965
1965
1965

0.1800

90
234
307

Y ear

197 4
1972
1970
1970
1968
1968
1968
1967

0 . 50
0.37
0 . 92
0 . 35
0.15
0.82
0 . 92
0 . 67

1023
631
Subtotal (9 5 % Cl)
T e s t for h e tero g en eity : Chi* = 14.92. df = 2 (P = 0 0 006). I* = 86 6%
T e st for o v e ra l effect: Z = 2.51 (P = 0 .0 1 )
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P e te r s s o n 1 9 9 8 a
69

■
1
<

0.22
0 . 96
0 . 96
1. 0 0

(0.0600)
( 0.0800)
(0,0300)
( 0.0400)
(0.0700)
( 0.0700)
(0.0600)
(0.0400)
( 0.0400)
( 0.0400)
( 0.0700)
(0.0600)
( 0.0700)
( 0.0400)
(0.0700)
( 0.0800)
(0.0600)
( 0.0400)
( 0.0400)
(0.0900)
(0.1100)
(0.0800)
(0.0600)
(0.1000)
( 0.0600)
(O. OCOO)
(0.0700)
( 0.0400)
(0.03001
(0.0700)
( 0.0800)
(0.0600)
(0.0400)
( 0,0700)
(0.0500)
( 0.0500)
(0.0700)
( 0.0900)

278
311
71
128
18 2
98
213
103
161
1 48
H eifetz 1970
117
116
Horowitz 1 974
315
1 58
M ainw anng 1 978
63
29
M arthaler 1 970
21
10
M arthaler 1 9 7 0 a
224
207
O iv ie r 1992
389
173
S h e m 1976
163
153
Szw ejda 1 972
145
Trubm an 1 973
166
2398
1744
S ubtotal (95% Cl)
T e st for h e tero g en eity : Chi* = 19 7 1 . df = 12 (P = 0.07), 1* = 3 9 1%
T e st for overall effect: 2 = 5 .8 6 (P < 0 0 0 0 0 1 )

270
442
311

P re v en ted Fraction (rarxJom)

0. 1600
0.2100
0.3100
0.2100
0.2500
0.2800
0.2300
0.1700
0.1400
0. 1200
0.1900
0.0500
0.0100
0.2900
0.2600
0.2800
0.3200
0.1200
0.1800
0.1000
0.1900
0.3000
0,1200
0.3000
0.2200
0.2300
0.1100
0.4000
0.4300
0.2600
0.2900
0.1300
0.1700
0.1900
0.1700
0.2100
0.3000
0.3600

0 2 Fluoride G el v e rs u s P laceb o
C o n s 1970
D e P a o la 1 9 8 0
G is se lss o n 1999
H ag an 1985

0 3 F luonde V arm sh v e rs u s P laceb o
B onjtta 1991
Clark 1985
Tew ari 1990

W eight

9 5% Cl

59
60
61
62
63
64
65

69
70

B
c
c
B
B
B

B
B

0
0
0
0
0
0
0
0
0
0
0
0
0

Molina 1987
v a n W yk 1986
P o u teen 1984
Blinkhom 1983
D n s c o l 1982
H eifetz 1 982
R ingetberg 1982
B a s to s 1989
D uany 1981
D e P a o la 1 9 8 0 a
Rlngelberg 1979
D e P a o la 1 977
A shley 1 977
M cC onchie 1977

14 5
377
191
190
57 3
394
98 9
280
711
12 9
341
317
24 5
4 96

150

0.3000

192
174
92
151
2 04
249
140

0. 3000
0.1200
0. 2400
0.3800
0. 3500
0.2200
0. 2900
0.1300
0.2200
0.2300
0.4200
0.1400

Finn 1 9 7 5
P a c k e r 1975
L a s w e # 1975
G allagher 1974

2 92
108
22 6
30b

161

R adike 1973
R ugg-G unn 1973
H eifetz 1973
M oreira 1972
Horowitz 197 1 a
Horowitz 1971b
K och 1 967
K och 1 9 6 7 a
Koch 1 967b

348
222
25 9
150
1 33
98
85
117
1 14

1 58
122

247

378
212

154
50
1 23
110

82
134
137
4957

(0.0700)
(0.0500)
( 0 . l l OOl
(0.09001
(0.0900)
(0.0800)
(0.0800)

0.82
0.92
0 . 63
0.72
0.72
0.77
0.77

(0,0500)
(0.0900)
(0 . 1000)
(0 . 1100)
(0.0500)
(0.0800)

0 . 92
0.72
0 . 67

C . 1900
C . 1700
0.3500
0.3500
3.1400
0.3300
0.3600
0.5200
0.1700
0.1600
0.4300

(0.0600)
( 0 . ObOO)

0 . 63
0.92
0.7?
0.87
0.87

(0.1500)
(0.1300)
(0.0500)
(0.0600)
( 0.0400)
( 0.0600)

0.46
0 . 54
0 . 92
0 . 87
0 . 9b
0.87

(0 .1 2 0 0 1

0.2300
0.2500
0.0200

(0.0500)
(0.0800)

0.58
0 . 40
0 . 58
0 . 92
0.77
0 . 58

(0.1700)
(0 .1 2 0 0 1

(0 . 1 2 0 0 )

21.31

S ubtotal (95% Cl I
8367
T est fo r h e te ro g en eity C hi' = 5 0 ,1 1 . df = 29 (P = 0 009). I ' :
T e st fo r o v e ra l effect: 2 = 13 52 (P < 0 0 0 0 0 1 )
0 5 F luonde Gei v e rs u s N o-treatm ent
164
90
0.1400
A badia 1978
160
160
0.5100
B ijela 1981
1 05
103
0.3700
B ryan 1970
1 15
78
0.3500
C obb 1980
1 95
305
0.7700
E nglander 1967
337
220
0.2900
E nglander 1971
182
1 70
0.2400
H orowitz 1971
56
63
0.4100
Ingraham 1970
87
07
0.2700
M estn n h o 1983
1 1 68
1509
S ubtotal (95% Cl)
T e st for hetero g en eity : Chi* = 65 2 9. df = 8 ( P < 0 0 0 001). 1* = 87 7%
T e st for o v e ra l effect Z = 5 0 3 ( P < 0 0 0 0 0 1 )
0 6 F luonde V arm sh v e rs u s N o -lreatm ent
98
11b
B ravo 1997
42
53
Holm 1984
61
60
K och 1975
107
67
M o d eer 1984
337
287
S ub to tal (95% Cli
T e st for h e te ro g en eity Chi* = 7 10. df = 3 (P = 0 07). I* = 57 7%
T est for o v e ra l effect 2 = 6 ,1 0 ( P < 0 0 0 0 0 1 )
07 Fluoride M outrinnse v e rs u s N o -lreatm enI
R uiken 1987
12 9
C raig 1981
49
M oreira 1981
73
T ore# 1965
332

78
48
91
162

(0.1000)
(0.0500)
( 0.0700)
(0.1100)
(0.0500)
(0.1000)
(0.0800)
( 0.1200)
(0.1200)

0.43
0.55
0.78
0.30
0.52

(0.23,
(0,39,
[ 0.53,
[ 0.01,
[0.35,

0.63)
0.71)
1.03)
0.59)
0.63)

1997
1 9 84

0.33
0.32
0.25
0.35
0.53

[0.17,
[-0.03,
[0.07,
[0.27,
[0.27,

0.49)
0.67]
0.43)
0.43)
0.40]

1987
1981
1981
1965

0.26

[0,13,

0.13)

0.77
0 . 37
0.72
0 . 96

05

1967
1 9 67
1967

0.57)
0.87)
0.49]
0.40)
0.65]
0,51)
0.53)

(0.0800)
(0.1800)
( 0.0900)
(0.0400)

F a vours TFT

1977
1975
1975
1975
1 9 74
1973
1973
1973
1972
1971
1971

[0.13,
(0.67,
[0.09.
(0.00,
[0.17,
[0.03,
'0.2?,

0.3300
0.3200
0.2500
0.3500

0

1986
1 9 84
1983
1982
1992
1982
1989
1981
1980
1979
1977
1977

0.35
0.77
0.29
0,24
0.41
0.27
0 . ;6

0 . 54

-0 5

1987

(-0,06, 0.34)
(0.41, 0.61)
[0.23, 0,51)

0 . 67
0.77

F av o u rs PU N T

0.44)
[0 . 2 0 , 0 . 4 0 )
[ - 0 . 10, 0 . 34 ]
0.24 [ 0.06, 0. 42)
0 . 38 [ 0 . 2 0 , 0 . 5 6 )
0 . 35 [ 0 . 1 9 . 0 . 5 1 )
0.22 [0.06, 0.38]
0 . 28 [ 0 . 1 8 , 0 . 3 8 ]
0 . 13 [ - 0 . 0 5 , 0 . 3 1 )
0 . 22 [ 0 . 0 2 , 0 . 4 2 )
0 . 23 [ 0 . 0 1 , 0 . 4 5 )
0.42 [0.32. 0.52)
0 . 14 [ - 0 . 0 2 , 0 . 3 0 )
0 . 18 [ 0 . 0 6 , 0 . 3 0 ]
0 . 17 [ 0 . 0 5 , 0 . 2 9 )
0 . 35 [ 0 . 0 6 , 0 . 6 4 )
n. 35 [ 0 . 1 0 , 0 . 6 0 )
0.14 [ 0.04, 0. 24]
0 . 33 [ 0 . 2 1 , 0 . 4 5 1
0 . 36 [ 0 . 2 8 , 0 . 4 4 ]
[0 . 2 0 , 0 . 4 4 ]
0 . 17 [ - 0 . 0 7 , 0 . 4 1 ]
0.16 (-0.17 , 0.49)
0.43 [0.19, 0.67]
0.23 [0.13, 0.33]
0.25 [0.09, 0.41]
[- 0.22 , 0.26]
0.2 6
0.191

0 . 12

0.14
0.51
0.37

(0.1000)
(0.0800)
(0.1300)
(0.1500)

T otal (95% Cl)
39687
25492
T e st for h ete ro g e n e d y C hi' = 7 4 5 ,2 5 , d f = 1 3 2 (P < 0 0 0 0 0 1 ). I* = 82 3%
T e s t for o v e ra l effect: Z = 19 12 (P < 0 .0 0 0 0 1 )

10.16,

0 . 30

0 . 67
0 . 92
0.92
0 . 63
0 . 92
0 . 67
0 . 77
0 . 58
0.58

0.4300
0.5500
0.7800
0.3000

S ubtotal (95% Cl)
583
379
T e st for hetero g en eity : Chi* = 1.04. df = 3 (P = 0 79). I* = 0%
T e st for o v e ra l effect Z = 1 0 .17 (P < 0 0 0 0 0 1 )

0 . 30

1978
1981
1970
1980
1 9 67
1971
1971
1970
1983

1975
1984

Review :
C o m p an so n
O utcom e:

Topical fluonde ( lo o lh p a s te s . m o u th n n ses. gels or v a rn ish e s) tor preventing dental c a rie s in children and a d o le sc e n ts (THESIS CHAPTER 7)
01 Topical F luonde v e rs u s P la ce bo/N o-treatm ent
0 2 D(M)FT increm ent (P F ) - n e a re s t to 3 y e a r s (7 9 tnals)

Study
or su b -categ o ry

PL/NT

TFT
N

P re v e n te d Fraction (SE)

01 Fluonde T o o th p aste v e rs u s P laceb o
Kleber 1 996
77
H anachow icz 1984
473
Rule 1984
460
B uhe 1 984
859
Blinkhom 1 9 8 3 a
1 84
G la ss 1983
56?
C a h e n 1 982
1300
Z a c h e r i1981
1500
A bram s 1980
7 61
H odge 1 980
5 97
Di M aggio 1980
22
Fo g els 1 979
8 90
P e te rs o n 1979
4 67
R ingelberg 1 9 7 9 a
Naylor 1 979
H ow at 1978
G la ss 1978
R e e d 1975
Andiaw 1975
U nd 1974
M arthaler 1974
H a rg re a v e s 1973
H a rg re a v e s 197 3 a
H a rg re a v e s 1973b
R e e d 1 973

370
319
2 53
178
1 68
364
592
50
1 63
146
14 6
1128

279
161

92
286
7 09
2 54
3 80
202
20
449
245
93
306
242
168
17b
376
575
59
1 40
138
151
3 97
224

311
148
1 53
166
7 78

0 .0 8 0 0
0 .1 4 0 0
0 .1 7 0 0
0.2200

0 .3 1 0 0
Û .3 3 0 Û
0 .1 6 0 0
0 .3 4 0 0

0 .2 5
0 .2 6
0 .1 8
0 .3 1
0 .3 3
0 . ( -

( 0 .1 1 ,
( 0 .1 0 ,
( 0 .1 0 ,
( 0 .2 3 ,
( 0 .1 5 ,
0 . 0 3 ,

0 .3 9 ]
0 .4 2 ]
0 .2 6 ]
0 .3 9 ]
0 .5 1 ]
0 .3 7 ]

0 .2 9
0 .1 1
0 .1 8
0 .3 5
0 .2 0
0 .2 1
0 .1 5
0 .2 2
0 .3 5
0 .3 7
0 .0 6
0 .5 3

( 0 .1 3 ,
[ - 0 .0 5 ,
[ 0 .0 8 ,
[ 0 .1 7 ,
( 0 .0 6 ,
[ 0 .0 9 ,
( 0 .0 1 ,
( 0 .1 4 ,
( 0 .2 3 ,
[ 0 .2 9 .
[ - 0 .0 6 ,
( 0 .8 5 ,

0 .4 5 ]
0 .2 7 ]
0 .2 8 ]
0 .5 3 ]
0 .3 4 }
0 .3 3 ]
0 .2 9 ]
0 .5 0 ]
0 .4 7 ]
0 .4 5 ]
0 .1 8 ]
1 .0 1 ]

0 .4 0
0 .5 9
0 .3 5
0 .3 0
0 .3 0
0 .0 5
0 .1 4
0 .1 0
0 .1 1
- 0 .0 2
0 .0 4
0 .0 8
0 .1 4
0 .1 7

[ - 0 .0 3 ,
( 0 .1 0 ,
( 0 .2 3 ,
[ 0 .1 6 ,
( - 0 .0 3 ,
( - 0 .1 5 ,
[ 0 .0 6 ,
( 0 .0 2 ,
[ - 0 .0 1 ,
[ - 0 .1 6 ,
( - 0 .0 8 ,
[ 0 .0 0 ,
[ - 0 .0 2 ,
[ 0 .0 7 ,

0 .8 3 ]
1 .0 8 ]
0 .4 7 ]
0 .4 4 ]
0 .6 3 ]
0 .2 5 ]
0 .2 2 ]
0 .1 8 ]
0 .2 3 ]
0 .1 2 ]
0 .1 6 )
0 .1 6 ]
0 .3 0 ]
0 .2 7 ]

0 .2 2
0 .3 1
0 .3 3
0 .1 6
0 .3 4
0 .2 3

[ 0 .1 4 ,
( 0 .1 5 ,
( 0 .2 1 ,
( - 0 ,0 6 ,
( 0 .1 0 ,
( 0 .1 9 ,

0 .3 0 ]
0 .4 7 )
0 .4 5 ]
0 .3 8 ]
0 .5 8 ]
0 .2 8 ]

1 .1 6
1 .1 6
4 .7 9

0 .2 5
0 .1 2
0 .0 5
0 .2 3
" . 18

( 0 .1 1 , 0 .3 9 ]
[ - 0 .0 8 , 0 .3 2 ]
[ - 0 .1 5 , 0 .2 5 ]
( 0 .0 3 , 0 ,4 3 ]
[ 0 .0 9 , 3 .2 7 ]

1.10
2 .2 6

0 .2 5 ( 0 .0 5 ,
0 .7 3 [ 0 .5 1 ,
■•'.43 ( 0 . 0 2 ,

( 0 .0 4 0 0 )
( 0 .0 8 0 0 )
( 0 .0 5 0 0 )
( 0 .0 4 0 0 )
( 0 ,0 8 0 0 )
( 0 .0 6 0 0 )
(0 . 1 1 0 0 )
(0 . 1200)

( 0 .0 7 0 0 )
( 0 .1 0 0 0 )
( 0 .1 0 0 0 )
( 0 .1 0 0 0 )

0 .2 5 0 0
0 .7 3 0 0

( 0 .1 0 0 0 )
( 0 .1 1 0 0 )

150
0 .2 6 0 0
92
0 .2 5 0 0
1 40
0 .3 4 0 0
93
0 .1 8 0 0
247
0 .1 8 0 0
1 61
0 .2 2 0 0
3 78
0 .3 1 0 0
212
0 .3 2 0 0
0 .2 5 0 0
123
110
0 .5 2 0 0
82
0 .1 1 0 0
1 34
0 .1 3 0 0
1 37
114
K och 1967b
- 0 .0 4 0 0
2861
2059
S ubtotal (95% Cl)
T e st for hetero g en eity : CN» = 2 5 .6 2 . d f = 12 (P = 0 .0 1 ). I» = 53.2%

( 0 .0 8 0 0 )
( 0 .0 8 0 0 )
( 0 .0 7 0 0 )
( 0 .1 0 0 0 )
( 0 .0 7 0 0 )
( 0 .0 8 0 0 )
( 0 .0 6 0 0 )
( 0 .0 4 0 0 )
( 0 .1 7 0 0 )
( 0 .1 3 0 0 )
( 0 .0 5 0 0 )
( 0 .1 1 0 0 )
( 0 .1 3 0 0 )

P rev e n te d Fraction (random )
9 5% Cl

- 0 .0 2 f - 0 .5 1 , 0 .4 7 )
0 .2 6 ( 0 .1 8 , 0 .3 4 ]
0 .2 4 ( 0 .1 4 , 0 .3 4 ]
0 .1 7 ( 0 .1 1 , 0 .2 3 ]
0 .3 0 ( 0 .1 6 , 0 .4 4 ]
0 .2 8 ( 0 .1 6 , 0 .4 0 ]
0 .1 5 ( 0 .0 9 , 0 .2 1 ]
0 .3 1 [ 0 ,1 9 , 0 .4 3 ]
0 .1 5 ( 0 .0 3 , 0 .2 7 ]
0 .2 2 [ 0 .1 4 , 0 .3 0 ]
0 .5 1 [ 0 .4 5 , 0 .5 7 ]
0. 12 [0 . 0 2, 0 . 2 2 ]
0 .1 0 [ - 0 .0 6 , 0 .2 6 ]
0 .1 5 ( - 0 .0 3 , 0 .3 3 ]
0 .2 9 ( 0 .1 2 , 0 .2 8 ]
0 .2 7 [ 0 .1 7 , 0 .3 7 ]

( 0 .2 5 0 0 )
( 0 .0 4 0 0 )
( 0 .0 5 0 0 1
( 0 .0 3 0 0 )
0 . 3 0 0 0 ( 0 .0 7 0 0 )
0 .2 8 0 0 ( 0 .0 6 0 0 )
0 .1 5 0 0 ( 0 .0 3 0 0 )
0 .3 1 0 0 ( 0 .0 6 0 0 )
0 .1 5 0 0 ( 0 .0 6 0 0 )
0 . 2 2 0 0 ( 0 .0 4 0 0 )
0 .5 1 0 0 ( 0 .0 3 0 0 )
0 . 1 2 0 0 ( 0 .0 5 0 0 )
0 . 100 0 ( 0 .0 8 0 0 )
0 . 1500 ( 0 .0 9 0 0 )
0 . 2 0 0 0 ( 0 .0 4 0 0 )
0 . 2 7 0 0 ( 0 .0 5 0 0 )
0 . 2 5 0 0 ( 0 .0 7 0 0 )
C .2 6 0 0 ( 0 . 0 8 0 0 )
0 .1 8 0 0 ( 0 .0 4 0 0 )
0 . 3 1 0 0 ( 0 .0 4 0 0 )
0 . 3 3 0 0 ( 0 .0 9 0 0 )
0 .1 7 0 0 ( 0 . 1 0 0 0 )
0 .2 9 0 0 ( 0 .0 8 0 0 )
■
0 . 110 0 ( 0 .0 8 0 0 )
0 . 1 0 0 0 ( 0 .0 5 0 0 )
0 .3 5 0 0 ( 0 .0 9 0 0 )
0 . 2 0 0 0 ( 0 .0 7 0 0 )
0 . 2 1 0 0 ( 0 .0 6 0 0 )
0 .1 5 0 0 ( 0 .0 7 0 0 )
0 .3 2 0 0 ( 0 .0 9 0 0 )
0 .3 5 0 0 ( 0 .0 6 0 0 )
0 . 3 7 0 0 ( 0 .0 4 0 0 )
0 . 0 6 0 0 ( 0 . ObOO)
( 0 .0 4 0 0 )
0 .4 0 0 0 ( 0 . 2 2 0 0 )
0 .5 9 0 0 ( 0 .2 5 0 0 )
0 .3 5 0 0 ( 0 .0 6 0 0 )
0 . 3 0 0 0 ( 0 .0 7 0 0 )
0 . 3 0 0 0 ( 0 .1 7 0 0 )
0 .0 5 0 0 ( 0 , 1 0 0 0 )
0 .1 4 0 0 ( 0 .0 4 0 0 )
0 . 1 0 0 0 ( 0 .0 4 0 0 )
Q . 1 1 0 0 ( 0 .0 6 0 0 )
- 0 . 0 2 0 0 ( 0 .0 7 0 0 )
0 . 0 4 0 0 ( 0 . ObOO)

0 .2 6 0 0
0 .2 4 0 0
0 .1 7 0 0

0 .2 5 0 0
0 .1 2 0 0
0 .0 5 0 0
0 .2 3 0 0

163
145

W eight

- 0.0200

416
4 27

Z acheri 1973
220
21b
Z ach eri 1972
231
21 0
Z ach eri 19 7 2 a
^8 4
1 96
W e is e n s te m 1972
206
235
Muhler 1970
201
2bl
Z ach eri 1 970
2 51
Z ach eri 19 7 0 a
260
M ergele 1968
1 97
Held 1 968
32
Held 196 8 a
19
Held 1968b
14
Koch 19 6 7 c
64
Koch 1967d
60
Koch 1 9 6 7 e
32
128
Koch 19671
127
P e te rs o n 1967
636
3 20
433
Ja c k s o n 1967
4 38
3 97
J a m e s 1967
406
340
S lack 1967
35b
301
Slack 1967a
37 h
479
Naylor 1967
4 94
163
G ish 1966
1 65
Horowitz 1960
32 9
323
Brudevoid 1 966
955
155
T h o m as 1966
309
124
M arthaler 1965
1 45
32
M arthaler 196 5 a
42
225
M Uiler 1955
219
1
2
6
8
4
S ubtotal (95% C l)
19502
T e st for hetero g en eity : C hi' = 5 3 0 .9 5 , df = 5 2 (P Ï 0 0 0 0 0 1 ). I ':
T e st for o v e ra l effect: 2 = 9 4 0 (P < 0 .0 0 0 0 1 )
0 2 Fluonde Gel v e rs u s P laceb o
C o n s 1970
H eifetz 1970
Szw ejda 1972
Trubm an 1973
S ubtotal (95% Cl)
T e s t for h etero g en eity CN* = 3.3 0 . df
T e st for o v e ra l effect: Z = 3 .7 9 (P = 0

P re v e n te d Fraction (random)
9 5% Cl

1 .3 2
1.16

Y ear

Q uaity

O rder

1996
1 984

1
2

1984
1984
1983
1983
1982
1981
1980
1980

3
4
5
6
7

1980
1979
1979
1979
1979
1978
1978
1975
1975
1974
1 974
1973
1973
1973
1973
1973
1972
1972
1972
1970
1970
1970
1968
1968
1968
1968
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967

2
5
2

8
9
10

:

11
12
13
14
15
16
17
18
19

B
3
2

20
21
22
23
24
25
26
27

B
:
:
:
2
2
2
:

c
7
2
2
2
2
A
A
A
A
A

B

1966
1966
1966
1966
1965
1965
1955

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

1970
1970
19 7 2
1973

= 3 (P = 0 35). I' = 9 1%
0001)

0 3 Fluoride V arm sh v e rs u s P laceb o
270
Borutta 1991
90
30 7
311
T ew ari 1990
581
39 7
Subtotal (95% Cl)
T e st for hetero g en eity : C hi' = 10,43. df = 1 (P = 0.0 0 1 ). {* = 90.4%
T e s t for o v e ra l effect: Z = 2 .0 3 (P = 0 .0 4 )
0 4 Fluoride M outhnnse v e rs u s P la c e b o
1 45
Mofcna 1987
190
Blinkhom 1983
280
B a s to s 1989
341
Ringelberg 1979
496
M cC onchie 1977
292
Finn 1975
3 48
R adike 1973
222
Rugg-G unn 1973
133
Horowitz 197 1 a
98
Horowitz 1971b
85
K och 1967
117
K och 1 9 6 7 a

1 .2 7
1 .2 7
1 .3 2
1 .1 6
1 .3 2
1 .2 7
1 . 36
1 .4 4
0 .8 9
1.00
1 .4 1
1.
10
1.00
1 5 .7 1

0 .4 5 ]
0 .9 5 ]
-3 .5 6 ]

1991
1990

0 .2 6
0 .2 5
0 . 34
0 . 18
0 . 18
0.22
0 . 31
0 . 32
0 .2 5
0 . 52
0 . 11
0 .1 3
- 0 .0 4
• •.2 4

(0 . 1 0 ,
[ 0 .0 9 ,
(0 . 2 0 ,
[ -0 . 02,
( 0 .0 4 ,
( 0 .0 6 ,
( 0 .1 9 ,
[ 0 .2 4 ,
( - 0 .0 8 ,
( 0 .2 7 ,
(0 . 0 1 ,
( - 0 .0 9 ,
( - 0 .2 9 ,
( 0 .1 8 ,

0 .4 2 ]
0 .4 1 ]
0 .4 8 ]
0 .3 8 ]
0 .3 2 ]
0 .3 8 ]
0 .4 3 ]
0 .4 0 ]
0 .5 8 )
0 .7 7 ]
0. 21]
0 . 35]
0. 21]
0 .3 0 )

1987
1983
1989
1979
1977
1975
1973
1973
1971
1971
1967
1967
1967

0 .5 2
0 .4 5
0 .6 5
0 .1 5
0 .5 2
0 .1 8
0 .4 3

[ 0 .4 6 ,
( 0 .2 9 ,
( 0 .5 9 ,
( - 0 .0 1 ,
( 0 .3 6 ,
( - 0 .0 2 ,
( Û .2 9 ,

0 .5 8 ]
0 .6 1 ]
0 .7 1 ]
0 .3 1 ]
0 .6 8 ]
0 .3 8 ]
0 .5 7 ]

1961
1970
1967
1971
1970
1983

0 .6 0

( 0 .3 6 ,

0 .8 4 )

T e st for o v e ra l effect: Z = 7 .4 9 (P < 0.0(K)C1)
OS Fluoride G el v e rs u s N o-treatm ent
160
103
305
182
56
87

160
0 .5 2 0 0
1 05
0 .4 5 0 0
1 95
0 .6 5 0 0
170
0 .1 5 0 0
Horowitz 1971
Ingraham 1970
63
0 .5 2 0 0
87
M estnnho 1983
0 .1 8 0 0
893
780
S ubtotal (95% Cl)
T e st for h eterogeneity: C hi' = 51 8 7 . d f = 5 ( P < 0 0 0 0 0 1 ), I' = 9 0 4%
T e st for o v e ra l effect: Z = 6 ,0 6 (P < 0 .0 0 0 0 1 )
B ijeta 1981
B ryan 1970
E nglander 1967

0 6 Fluoride V arm sh v e rs u s N o-treatm ent
Holm 1 984
5

0 .6 0 0 0

( 0 .0 3 0 0 )
( 0 .0 8 0 0 )
( 0 .0 3 0 0 )
( 0 .0 8 0 0 )
( 0 .0 8 0 0 )
( 0 .1 0 0 0 )

( 0 .1 2 0 0 )

1 .4 7
1 .2 7
1 .4 7
—#—
— #—

1 .2 7
1 .2 7
1 .1 6
" .9 1

r

0
0
0
0
0

Subtotal (95% C l)
50
T e st for hetero^enexty not applicable
T e st for o v e ra l effect: Z = 5 0 0 (P < 0 0 0 0 0 1 )

1 .0 5

59

T otal (95% Cl)
21634
16757
T e st for h etero g en eity Chi* = 8 4 5 00. df = 7 8 (P < 0 000 0 1 ), 1* = 9 0 8%
T e st for o v e ra l effect Z = 11 50 (P < 0 0 0 0 0 1 )

i . 'O . d ù

♦

-0 5
R eview
C o m p an so n
O utcom e:

0 .6 0

1 0 .3 6 ,

0 .5 4 )

1 -3 .2 1 ,

3 .3 0 )

0 5

'inM cal fluonde ( lo o lh p a s te s . m o u th n n ses. gels or v a rn ish e s) for preventing dental c a n e s in children and a d o le s c e n ts (THESIS CHAPTER 7)
21 "o p ic a l F luonde v e r s u s P lac ebo/N o-treatm ent
23 (Kelts increm ent (P F ) - n e a r e s t to 3 y e a rs (5 tn als)
TFT
N

Study
or sut)-category

P re v e n te d Fraction (random )

PUNT
N

01 F luonde Gel v e rs u s P la c e b o
E nglander 1978
74
71
T reide 1988
322
111
Subtotal (95% Cl I
396
1 82
T e st for h eterogenerty: C h i' = 2.58, d t= 1 (P = 0.11). I' = 60 9%
T e st for o v e ra l effect: Z = 1.35 (P = 0.18)
0 2 Fluonde V arm sn v e rs u s P la c e b o
ClarK 1985
442
Subtotal (95% o n
4 42
T est for h e te ro g en eity not applicable
T e st for o v e ra l effect Z = 2 22 (P = 0 03)

P rev e n te d Fraction (SE)

W eight

P rev e n te d Fra ebon (random i

%

95% Cl

9 5% Cl

- 0 .0 1 0 0
0 .3 9 0 0

( 0 .2 4 0 0 )
( 0 .0 7 0 0 )

5 .1 6
3 1 . 33

0 .2 0 0 0

( 0 .0 9 0 0 )

2 3 . 96
.!3 . 9 6

0 .2 0
0 .2 0

1 0 .0 2 ,
1 0 .0 2 ,

0 .3 8 )
0 .3 8 )

0 .3 7 0 0
0 .4 4 0 0

( 0 .1 1 0 0 1
1 0 .1 0 0 0 )

1 8 .5 2
21.02

0 .3 7
0 .4 4
0 .4 1

1 0 .1 5 ,
1 0 .2 4 ,
1 0 .2 6 ,

0 .5 9 )
0 .6 1 )
0.

0 .3 3

1 0 .2 2 ,

2 34
234

0 3 Fluonde V arm sn v e rs u s N o-treatm ent
F ro s te l 1991
93
113
Holm 1979
112
113
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Abstract
Background
Topical fluorides in the form of toothpaste, mouthrinse, varnish and gel are effective caries
preventive measures. However, there is uncertainty about the relative value of these interventions.

Objectives
To compare the effectiveness of one form of topical fluoride intervention with another when used
for the prevention of dental caries in children.

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 Issue 2, 2000), MEDLINE
(1966 to January 2000), plus several other databases. We handsearched journals, reference lists of
articles and contacted selected authors and manufacturers.

Selection criteria
Randomized or quasi-randomized controlled trials with blind outcome assessment, comparing
fluoride varnish, gel, mouthrinse, or toothpaste with each other 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 & 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 mean caries increments between the 'experimental' and 'control' groups expressed as a
percentage of the mean increment in the control group. Random effects meta-analyses were
performed where data could be pooled.

Main results
There were 17 studies included, and 15 contributed data for the meta-analyses. Fluoride toothpaste
was not significantly different from mouthrinse (pooled DMFS PF 0%; 95% Cl -18% to 19%; p =
0.94), or gel (pooled DMFS PF 0%; 95% Cl -21% to 21%; p = 1), or both gel and mouthrinse
(pooled DMFS PF 1%; 95% Cl -13% to 14%; p = 0.94); heterogeneity was substantial. Results
ffom the single trial comparing toothpaste with varnish (in deciduous teeth) were inconclusive (dfs
PF 5%; Cl not obtainable). The pooled results from the comparisons of fluoride varnish with
mouthrinse was a non-significant difference favouring varnish (DMFS PF 10%; 95% Cl, -12% to
32%; p = 0.40), but this result was not robust to sensitivity analysis performed, and heterogeneity
was considerable. Results from the single trial comparing varnish with gel (14%, 95% Cl, -12% to
40%; p = 0.30) and the single trial comparing gel with mouthrinse (-14% DMFS PF; 95% Cl 40% to 12%; p = 0.30) were inconclusive (favoured varnish and mouthrinse respectively).

Reviewers* conclusions
Fluoride toothpastes in comparison to mouthrinses or gels appear to have a similar degree of
effectiveness for the prevention of dental caries in children. There is no clear suggestion that
fluoride varnish is more effective than mouthrinses and the evidence for the comparative
effectiveness of fluoride varnishes and gels, and mouthrinses and gels is inconclusive. No
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conclusions about adverse effects could be reached, because no data were reported on in the trials.
Acceptance is likely to be greater for fluoride toothpaste.
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Background
Dental caries and its consequences pose important and uncomfortable problems in all industrialized
societies and in a large number of developing countries. Although the prevalence and severity of
dental caries in most industrialized countries have decreased substantially in the past two decades,
reaching averages as low as 1.1 decayed, missing and filled teeth (DMFT) in 12 year olds, nearly
half of those without any tooth decay or fillings (Marthaler 1996), this largely preventable disease
is still common, increases significantly with age, and remains a public health problem for a
significant proportion of the world population (Burt 1998). In the United Kingdom, 30% of 3.5 to
4.5 year olds (Moynihan 1996), and 50% of 12 year olds (Downer 1995) had experienced caries in
1993. In 2000, the figures were 40% for 5 year olds in Great Britain (Pitts 2001) and 38% for 12
year olds in England and Wales (Pitts 2002). These findings demonstrate the continuing need for
effective preventive strategies and treatment services for these age groups in a country that has
experienced a substantial caries decline. In general, dental caries levels vary considerably between
and within different countries, but children in the lower socio-economic status (SES) groups have
higher caries levels than those in the upper SES groups, and these differences are consistent in
industrialized and in urbanized developing countries (Chen 1995).
Fluoride therapy has been the cornerstone of caries-preventive strategies since the introduction of
water fluoridation schemes over five decades ago (Murray 1991). Fluoride controls the initiation
and progression of carious lesions. Intensive laboratory and epidemiological research on the
mechanism of action of fluoride in preventing caries indicates that fluoride's predominant effect is
topical, which occurs mainly through promotion of remineralization of early caries lesions and by
reducing sound tooth enamel demineralization (Featherstone 1988). Various modes of fluoride use
have evolved, each with its own recommended concentration, frequency of use, and dosage
schedule. The use of topically applied fluorides in particular, which are much more concentrated
than the fluoride in drinking water, has increased over recent decades and fluoride containing
toothpastes (dentifrices), mouthrinses, gels and varnishes are the modalities most widely used at
present, either alone or in different combinations. By definition, the term 'topically applied fluoride'
describes 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.
Fluoride gels and varnishes are typical methods of professional topical fluoride application and both
delivery systems have been used in preventive programs. Fluoride gels have also been used as a self
applied intervention in such programs. Fluoride mouthrinses and toothpastes are the main forms of
self applied fluoride therapy. The intensive use of fluoride mouthrinsing in school programs has
been discontinued in many developed countries because of doubts regarding its cost-effectiveness
at a low prevalence of dental caries and are being replaced by selective fluoride therapy directed to
high risk children. Such procedures usually involve the combined use of fluoride toothpastes with
gels or varnishes. Toothpaste is by far the most widespread form of fluoride usage (Murray 1991a;
Ripa 1991) and the decline in the prevalence of dental caries in developed countries has been
mainly attributed to its increased use (Glass 1982; Rolla 1991; Marthaler 1994; O'Mullane 1995;
Marthaler 1996).
However, there is currently a debate regarding the appropriate use of fluorides. 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 applied fluorides are still effective in
reducing caries, and safe, mainly in terms of the potential risk of fluorosis (mottled enamel) (Ripa
1991). In this context, even the need for selective professional fluoride applications has been
questioned (Seppa 1998). The persistence of this debate and the variations in the use of the main
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forms of topically applied fluorides suggest the need to search for meaningful ways to summarize
the empirical findings on this topic systematically.
If topical fluorides remain effective it will then become relevant to assess which form is best by
directly comparing the various treatments currently used, since no consensus on which one, if any,
is the most effective can be found in the literature. It is of clinical importance not only to assess the
relative effectiveness of the modalities used for professional topical fluoride applications (varnishes
and gels), but also to compare the effect of fluoride mouthrinses with that of professionally-applied
fluoride gels or varnishes, and the effect of fluoride toothpastes with that of any other commonly
used topical fluoride intervention, since toothpaste use is the most popular method of fluoride
application. If the various topical fluoride treatments are shown to be equally effective in controlled
trials, the choice of modality will then depend on safety, acceptance and ease of application (and
cost).
Over the past half-century, numerous clinical trials have investigated the anti-caries effect of each
topical fluoride intervention, and their effectiveness has been widely recognised. It appears that
most of the trials have focused on topical fluoride in one form or another and that a small number
of such trials have investigated the relative effectiveness of the main topical fluoride modalities.
Although the evidence on the effect of topical fluorides on the prevention of dental caries in
children has been extensively reviewed in a number of reviews, there has been no systematic
investigation directly comparing the different topical fluoride interventions currently used in caries
prevention.
With regard to the clinical effectiveness of topical fluoride therapy (TFT) in the form of
toothpastes, mouthrinses, gels and varnishes three basic questions can be asked:
1- Is TFT effective in preventing dental caries in children and adolescents?
2- Is one of these forms of TFT more effective than another?
3- Are combinations of these TFT forms more effective than one form used alone?
This review attempts to answer the second question; the other two questions are addressed in
separate reviews.

Objectives
The primary objective of this systematic review is to assess the evidence on the comparative
effectiveness of topical fluoride therapy (TFT) in the form of toothpastes, mouthrinses, gels and
varnishes in the prevention of dental caries in children and adolescents. The specific objectives are:
(1) To determine whether there is a differential effect between any two forms of TFT described
above (how each intervention compares with the other).
(2) To determine whether there is a differential effect between professionally-applied topical
fluoride varnishes and professionally-applied gels.
(3) To determine whether there is a differential effect between fluoride mouthrinses and
professionally-applied TFT (varnishes or gels).
(4) To determine whether there is a differential effect between fluoride toothpastes and any other
modality of TFT (mouthrinses, gels or varnishes).

Criteria for considering studies for this review
Types of studies
Randomized or quasi-randomized controlled trials using or indicating blind outcome assessment, in
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which one form of TFT (either as toothpaste, mouthrinse, gel or varnish) is compared with another
(head to head), during at least one calendar or school year.
Randomized or quasi-randomized controlled trials using within group paired comparison designs
(e.g. split-mouth trials involving fluoride vaniish, as the effect of the varnish could spread across
the mouth leading to contamination of control sites), or with open outcome assessment or no
indication of blind assessment, or lasting less than one calendar or school year, or controlled trials
where random or quasi-random allocation was 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
intervention 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 therapy in the form of toothpastes, mouthrinses, gels or varnishes only, using any
fluoride agent (which may be formulated with any compatible abrasive system, in the case of
fluoride toothpastes), at any concentration (ppm F), amount or duration of application, and with
any technique or method of application, provided the frequency of application was at least once a
year.
Any of the six possible pair-wise comparisons of the four modalities are eligible for inclusion in the
review.
Studies where the intervention consisted of any caries preventive agent/procedure (e.g. same or
other fluoride-based measures, anti-plaque or anti-calculus agents, sealants, oral hygiene
interventions, xylitol chewing gums, glass ionomers) used in addition to any form of TFT described
above were excluded.

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. For studies in younger children the outcome
measure of interest is caries increment in deciduous tooth surfaces, as measured by change in the
decayed, (missing/extraction indicated), and filled surface d(e/m)fs index. Dental caries is defined
here as being clinically and radiographically recorded at the dentin level of diagnosis. (See
'Methods of the review' 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 deciduous dentitions; tooth loss; proportion of children developing new
caries; dental pain/discomfort; specific side effects (fluorosis, tooth staining/discoloration, oral
allergic reactions, adverse symptoms such as nausea, vomiting); unacceptability of preventive
treatment as measured by dropouts during the trial (in non-placebo controlled studies); use of
health service resources (such as visits to dental care units, length of dental treatment time).
Studies reporting only on changes in plaque/calculus formation, plaque regrowth/vitality,
plaque/salivary bacterial counts, or gingival bleeding/gingivitis, dentin hypersensitivity or fluoride
physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels,
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etc.) were excluded.

Search strategy 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 fluoride reviews) by searching several
databases from date of inception; 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 (below) with low specificity (but high sensitivity), using '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
Randomized Controlled Trials (RCTs). These subject search phrases were customised for
searching EMBASE and the other databases:
(a) [("DENTAL-CARIES" explode all subheadings or "DENTAL-CARIES-ACTIVITY-TESTS"
all subheadings or "DENTAL-CARIES-SUSCEPTIBILITY" all subheadings or CARIE* or
DMT*) 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 subheadings 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 FLUORFDES-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*))].
RCT filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development 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 Issue 1,
1997), the Community of Science database (1998), which included ongoing trials funded by the
National Institute of Dental Research (NIDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980 to 1997), and OLD MEDLINE (1963 to 1965) were searched
using the terms 'fluor' and 'carie' truncated. (Grey literature search had also been carried out by
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searching the Index to Scientific and Technical Proceedings (ISTP) and DISSERTATION
ABSTRACTS).
• From 1999 to 2001
The following strategy 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;
[(fluorS or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofiuorS or duraphatS)
and (carie$ or dmf$ or cpo$ or tooth$ or teethS or dent$ or dientS or anticarieS or carioS or
mouthrinsS or mouth rinsS or rinseS or bochechS or enjuagS or vemizS or vamishS or bamiz$ or
lacaS or gel or gels)] and [randomS or aleatoriS or acasoS or azar$ or blind$ or mask$ or cegoS or
cega$ or ciegoS or ciega$ or placeboS or(clinic$ and (trialS or ensaioS or estudS)) or (controls and
(trials or ensaioS or estudS))].

Four supplementary and more specific subject search phrases (including 'free text' and 'controlled
vocabulary' terms), refined exclusively for the reviews on the effects of individual fluoride
modalities, formulated around three concepts each (the relevant topical fluoride therapy (TFT),
fluoride and caries) were used to search Silverplatter MEDLINE (up to January 2000) without
methodological filters:
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/ ALL SUBHEADINGS))
and (FLUOR* or APF* or NAF* or AMINE F OR SNF* or ACIDULATED* PHOSPHATE*
FLUORID* or ACIDULATED* FLUORID* or PHOSPHATE* FLUORED* or SODIUM*
FLUORID* or AMINE* FLUORID* or STANNOUS* FLUORID* or (explode "FLUORIDES "/
ALL SUBHEADINGS))
and
(1) (TOOTHPASTE* or TOOTH* PASTE* or DENTIFRICE* or PASTE*) or (explode
"DENTIFRICES"/ all subheadings)].
(2) ((RINS* or MOUTH* RINS* or WASH* or MOUTH* WASH*) or (MOUTHRINS* or
MOUTHWASH*)) or (explode "MOUTHWASHES"/ all subheadings)].
(3) (FLUOR* or ...or ELMEX* or (explode "FLUORIDES"/ ALL SUBHEADINGS))
and (GEL* or TRAY*)].
(4) (FLUOR* or (DURAPHAT* or FLUOR PROTECTOR*) or (explode "FLUORIDES "/ ALL
SUBHEADINGS)) and (VARNISH*) or (LACQUER* or LAQUER*) or (VERNIZ*) or
(LACKER*) or (LAKK*) or (SILANE* or POLYURETHANE*)].
These strategies were adapted to search the Cochrane Oral Health Group's Trials Register (up to
May 2000), and have also been run on CENTRAL (The Cochrane Library Issue 2, 2000) to double
check.
The metaRegister of Current 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 located up to
January 2000 were checked 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
Library database: Cochrane Database of Systematic Reviews (CDSR), and the CRD databases:
Database of Abstracts of Reviews of Effects (DARE) and NHS Economic Evaluation Database
(NHS EED), were also searched. Reference lists of relevant chapters from preventive dentistry
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textbooks on topically applied fluoride interventions were also consulted.
FULL TEXT SEARCHING
Prospective handsearching of the seven journals identified as having the highest yield of eligible
RCTs/controlled clinical trials (CCTs) was carried out, from January 1999 until January 2000;
British Dental Journal, Caries Research, Community Dentistry and Oral Epidemiology, Journal of
the American Dental Association, Journal of Dental Research, Journal of Public Health Dentistry
and European Journal of Oral Sciences. The handsearch of Community Dentistry 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 technical 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
information 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, mouthrinses, gels and varnishes was created for locating 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. Fourteen
manufacturers were contacted (October 2000) and information on any unpublished trials requested:
Bristol-Myers Co, Colgate-Palmolive, Davies Rose-Hoyt Pharmaceutical Division, Gaba AG,
Ivoclar North America, John O Butler Company, Johnson & Johnson, Oral-B Laboratories,
Pharmascience, Procter & Gamble, Smithkline Beecham, Synthelabo, Unilever/Gibbs, WarnerLambert.

Methods of the review
MANAGEMENT OF RECORDS PRODUCED BY THE SEARCHES
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported 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 checked without the benefit of
eliminating duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE
search performed without methodological filter were imported to Reference 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 Current Controlled Trials
were also checked outside Reference Manager. In order to facilitate inspection of all records
located fi'om searching other (non-electronic) sources (reference lists of relevant studies, review
articles and book chapters, journal handsearch, personal contact), we also tried to locate them in
MEDLINE and to import them to Reference Manager. Those references that could not be
downloaded in this way were entered manually.
RELEVANCE ASSESSMENT
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All records identified by the searches were printed off and checked on the basis of title first, then by
abstract (when this was available in English or in languages known by the reviewer) and/or
keywords by one reviewer, Valeria Marinho (VM). Records that were obviously irrelevant were
discarded and the full text of all remaining records was obtained. Records were considered
irrelevant according to study design/duration, participants, or interventions/comparisons (if it could
be determined that the article was not a report of a randomized/quasi-randomized controlled trial;
or the trial was o f less than 6 to 8 months duration; or the trial was exclusively in adults; or the trial
did not address at least two of the relevant topical fluoride treatments; or the trial did not compare
one topical fluoride with another).
SELECTION OF STUDIES FOR INCLUSION
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 reviewer was independently assessed by the second. A third reviewer
was consulted, Stuart Logan (SL) or Aubrey Sheiham (AS), to resolve any disagreement. It was
decided in advance to exclude any trial where agreement could not be reached (but this did not
occur). Trial reports thought to be potentially relevant in languages not known by the reviewers
were translated and the reviewer (VM) completed the inclusion criteria form with reference to the
translator. Attempts were made to contact authors of trials that could not be classified in order to
ascertain whether inclusion criteria were met.
It was considered essential to identify and check all reports related to the same study; in case of
any discrepancy, authors were contacted.
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 allocation 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/blinding of participants described).
B. Single-blind (blind outcome assessment stated and no placebo used/participants not blind).
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 independently 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 outcome 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 examination performed independently of previous results, of x-rays
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registered independently of clinical examination, of use of a placebo, 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 sample of approximately one third. 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 outcome had been carried out blind.
Checking of interobserver reliability was limited to these validity assessments.
Other methodological characteristics of the trials such as completeness of follow up (proportion
excluded) and handling of exclusions (extent to which reasons for attrition are explicitly reported,
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. [For example, sensitivity analyses
could be performed to assess the impact of blind outcome assessment and concealment of
allocation, since studies where blinding is not clearly stated (but likely) and studies reporting
inadequate allocation concealment are also included in this review].
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. Again, data that could not be coded by the first reviewer were
independently coded by the second, any disagreements were discussed and a third reviewer
consulted to achieve consensus where necessary. (In future updates all reports will be data
extracted and quality assessed in duplicate.) Data presented only in graphs and figures were
extracted whenever possible, but were included only if two reviewers independently had the same
result. Attempts were made to contact authors through an open-ended request in order to obtain
missing information or for clarification whenever necessary. Papers in languages not known by the
reviewers were data extracted with help from appropriate translators.
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
randomization in sizing/balancing (stratification based on relevant variables) or used post
randomization in analysing/adjusting for possible differences in prognostic factors between groups;
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors); any co-intervention
and/or contamination. 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 fluoride sources
other than the study option(s) (in water, topical applications, etc), year study began, place where
study was conducted (country), setting where participants were recruited, and dental treatment
level (F/DMF). Characteristics of the interventions that were extracted included: fluoride
modality(s), mode of application (how the intervention was delivered), methods (technique/device)
of application, prior- and post-application, fluoride active agents and concentrations used,
frequency and duration of application, and amount applied.
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Different ways of assessing/reporting caries increment in the trials (change from baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components of the index chosen and units of measurement (DMFT/S, or DFT/S, or DT/S, or
FT/S), types o f tooth/surface considered (permanent/deciduous teeth/surfaces, first molar teeth,
approximal surfaces, etc), state of tooth eruption considered (erupted and/or erupting teeth or
surface), diagnostic thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions),
methods of examination adopted (clinical and/or radiographic), and approaches to account or not
for reversals in caries increment adopted (in a net or observed/crude caries increment respectively).
In addition, caries increments have been recorded whenever the authors reported them (various
follow ups), and where assessments of caries increments were made during a post-intervention
follow up period, the length of time over which outcomes were measured after the intervention
ended was noted.
As we were aware that caries increment could be reported differently 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 chosen 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 dentinal/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.
All other relevant outcomes assessed/reported in the trials were also recorded/listed.
ANALYSES
Handling of missing main outcome data
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be imputed through linear regression of log standard
deviations 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
(similar) to their standard deviations (van Rijkom 1998).
Handling of results (main outcome) of studies with more than one treatment arm
For studies with more than two-arms, where the same TFT form is compared in two or more
'experimental' groups (for example, different active agents or concentrations of fluoride ion are
compared for the same modality of TFT to a common 'control' group), raw results (the numbers,
mean caries increments and standard deviations) from all relevant 'experimental' groups were
combined in order to obtain a measure of treatment effect (this enables the inclusion of all relevant
data for each form of TFT in the meta-analyses).
Choice of measure of effect and meta-analyses of main outcome

The chosen measure of treatment effect was the prevented fraction (PF), that is (mean increment in
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the 'controls' minus mean increment in the 'experimental' 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 data) this measure was considered
more appropriate than the mean difference or standardised mean difference, 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. Within-study variances
were estimated using the formula presented in Dubey 1965 which was more suitable for use in a
weighted average, and for large sample sizes the approximation should be reasonable. Random
effects meta-analyses were performed throughout in RevMan 4.2/RevMan Analyses.
Deciduous and permanent teeth were analysed separately throughout.
For illustrative purposes, when overall results were significant, the results were also presented as
the number 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 in the results of the trials 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 (Thompson 1999).

Statistically significant heterogeneity was investigated using metaregression when a meta-analysis
included a sufficiently large number of studies. In addition to aspects of study quality, potential
sources of heterogeneity investigated would include baseline levels of caries severity and exposure
to fluoride sources other than the study options. The association of these factors with estimated
effects (D(M)FS PFs) would be examined by performing random effects metaregression analyses in
Stata version 6.0 (Stata Corporation, USA) using the program Metareg (Sharp 1998).
Investigation of publication and other biases
A funnel plot (plots of treatment 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 et al (Egger 1997).
Measures of effect and meta-analysis of other outcomes
For outcomes other than caries increment, continuous data would 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 (RDÿ RevMan 4.2 was used for estimation of overall treatment effects. Again, a
random effects model was used to calculate a pooled estimate of effect. NNT was calculated when
overall results were significant. As a general rule only (relevant) outcomes with useable data were
shown in the analyses tables.

Description of studies
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SEARCH RESULTS
Our initial multiple database search (1997/98) produced the following total number of records,
according to database searched; MEDLINE, 4599; EMBASE, 5052; BIOSIS, 421; SCI SEARCH,
514; SSCISEARCH, 169; ISTP, 66; CINAHL, 133; ERIC, 60; DISSERTATION ABSTRACTS,
95; LILACS, 48; BBO, 47; CENTRAL, 86; SIGLE, 6. Searching OLD MEDLINE produced 545
records, and the Community of Science database, 24 records. In the second stage of searches
(1999), searching LILACS and BBO with a modified search strategy produced 210 records (142
and 68 records respectively). The more specific MEDLINE searches (by individual modalities of
topical fluoride therapy (TFT)) performed without a randomized controlled trial (RCT) filter
produced 2441 records, and the searches performed in the Cochrane Oral Health Group's Trials
Register (May 2000) produced 479 records. Searching the metaRegister of Current Controlled
Trials for ongoing studies produced 5 records. Many records retrieved through electronic search
were duplicates merged later in the core database, and many appeared more than once in different
databases and/or searches performed (overlapped).
Searching other non-electronic sources (reference lists of potentially relevant reports, review
articles or book chapters, relevant journals, and contacting authors) produced 171 additional
records for inspection. (Any search results produced by contacting manufacturers will feature in
updates of this review).
RELEVANCE ASSESSMENT RESULTS
When all the records produced by the searches above were screened, a total of 713 reports were
identified as potentially eligible and further assessment was sought.
STUDY SELECTION RESULTS
Two (2) full text reports could not be obtained (these were incomplete references of unpublished
studies/grey literature). Six hundred and seventy-five (674) reports were considered immediately
irrelevant for this review, largely as a result of the types of intervention compared with (or used in
addition to) a relevant TFT (including placebo or no treatment control trials without a relevant
head to head comparison(s) of one TFT with another), and due to the types of study design
described.
Thus, 28 studies (37 reports) are considered/cited in this review. These comprise 24 reports
relating to 17 included studies, 10 reports relating to nine excluded studies, and three reports
relating to two studies waiting assessment (either because they require translation (Polish) or
because additional information has not been obtained for one study in abstract form). There are no
reports of ongoing studies. Six non-English reports (five studies) listed either under included or
excluded studies have been fully assessed: Two in French (by a French translator, with the contact
reviewer), one in Portuguese (by the contact reviewer), and three in Russian (by a translator, with
the reviewer).
EXCLUDED STUDIES
See 'Characteristics of excluded studies' for the description of reasons for rejecting each study.
We have excluded two studies comparing fluoride varnish with gel, three comparing varnish with
mouthrinse, three comparing toothpaste with mouthrinse, and one comparing fluoride varnish, gel
and mouthrinse (there were no excluded studies comparing varnish with toothpaste or gel with
toothpaste).
These nine studies were excluded for a variety of reasons. One study used open outcome
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assessment. One study randomized three clusters, each to one of the three groups compared. Four
studies did not mention or indicate random or quasi-random allocation and blind outcome
assessment; one of these also did not report main outcome data for one group and another reported
post-treatment effects only. One study did not mention or indicate random or quasi-random
allocation (but described blind outcome assessment); attempts to contact the authors of this study
were unsuccessful and it was excluded. Two studies had other intervention in addition to one of the
relevant TFTs, and one of these did not describe the use of blind outcome assessment.
INCLUDED STUDIES
See 'Characteristics of included studies' table for details of each study.
There are 17 trials included. The study conducted by Marthaler 1970 was treated as two
independent trials because the results for the two age groups involved were reported separately as
distinct studies. The study by Koch 1967 presented results by age group for one treatment arm but
not the other, so we treated it as a single study, combining the age subgroups for the toothpaste
arm. The 17 trials were conducted between 1962 and 1994: four during the 1960s, nine in the
1970s, three in the 1980s and one in the 1990s. Two trials were conducted in USA, three in UK,
two in Switzerland, five in Sweden, two in Denmark, two in Finland, and one in Israel. Four
studies had more than one publication, two of these had four published reports each. All 24 reports
were published between 1965 and 1995. Five studies acknowledged assistance (product provision,
etc.) and/or financial support from manufacturers. Of a total of four studies whose authors were
sent request letters for unpublished information, replies related to two studies were obtained.
Design and methods
All the 17 included studies used parallel group designs. Five studies had more than two arms; in
three of these there were two groups of one of the modalities of TFT being compared, and in the
other two studies there were two groups (study arms) of each of the two modalities being
compared. There was no study comparing more than two relevant modalities of TFT. Ten trials
used inactive/placebo interventions for the head to head comparisons (i.e. were organized on a
double-blind basis) and the remaining seven used no treatment (simple head to head comparisons of
the TFTs only). Study duration ranged from 1 to 3 years, with only two studies lasting less than 2
years. Studies were generally large with only four allocating less than 190/200 children to relevant
study groups (and eight studies involving over 300 participants); all but one study recruited
children from school settings.
Interventions
There are six trials comparing fluoride toothpaste with mouthrinse, four comparing toothpaste with
gel (one involving operator-applied gel, and three self applied gel), one comparing toothpaste with
varnish, four comparing varnish with mouthrinse, one comparing varnish with gel (operator-applied
gel), and one comparing mouthrinse with gel (self applied gel). The fluoride concentration in the 11
trials with a toothpaste arm was similar (ranged from 1000 to 1200 ppm F in the toothpastes), and
in four of these toothbrushing was performed under supervision (at school). In all six trials with a
fluoride varnish arm the varnish application was semi-annual, and all but one tested a 22,600 ppm F
(Duraphat). The fluoride concentration in all six trials with a fluoride gel arm was also similar
(12,300/12,500 ppm F), but frequency of gel application varied from twice (operator-applied) to
25 times a year (self applied). There was variation in both the fluoride concentration (100,
230/250, 900 ppm F) and frequency of application (daily, weekly, fortnightly) in the trials involving
fluoride mouthrinsing.
Participants
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Participants were aged 14 or less at the start (in ail trials), with similar numbers from both sexes
(where these data were reported). At least 10 trials included children who were around 12 at start,
and only one trial (Petersson 1985) involved pre-school children. Caries prevalence at baseline,
reported in all but two of the studies, ranged from 0.9 to 15 D(M)FS and was 0.9 dfs in the study
by Petersson. Fifteen studies reported exposure or not to water fluoridation, and only one of these
was conducted in a fluoridated community. Background exposure to fluoride toothpaste (or other
sources of topical fluoride) was not clearly reported in the majority of studies.
Outcome measures
Caries increment; all trials reported caries increment data (or data from which these could be
derived) at the tooth surface level (D(M)FS was reported in 16 trials, and dels in one trial), and
three trials reported caries increment at the tooth level (D(M)FT). With regard to the components
of the DMFS index used (and types of teeth/surfaces assessed), six trials reported DMFS data (for
all tooth surface types), 10 trials reported DFS data (for all tooth surface types) and one trial
reported DS data (for approximal surfaces of premolars and molars only). No choice had to be
made between DMFS or DFS data in any one trial. Eight trials presented D(M)FS data at more
than one follow up time. In one trial, assessment of D(M)FS increments were also made during a
post-intervention follow up period. Many trials presented results using one caries grade only
(usually CA/ER or CA/DR), others either did not report the grade, or reported caries increment
data at both levels of diagnosis, in which case C A was chosen. Data on the state of tooth eruption
considered were not clearly specified in many trials.

The table 'Characteristics of included studies' provides a description of all the main outcome data
reported from each study with the primary measure chosen featuring at the top.
Other dental caries data reported: caries incidence/attack rate (two trials), caries progression (one
trial), and proportion of children developing new caries (two trials).
Data on adverse effects: stain score (one trial), signs of sensitivity in oral soft tissue (one trial), any
side effects (one trial, without complete or useable data, and with the following statement: "no side
effects observed in both groups"). Fluorosis data have not been reported in any of the trials.
Data for unacceptability of treatment (as measured by dropouts/exclusions) were reported in eight
trials.

Methodological quality of included studies
Based on 28 studies included in the topical fluoride reviews and randomly selected for assessment
of reproducibility and agreement between two reviewers, interrater 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).
There was a considerable variation in the quality of the studies in this review (using the reported
information and additional information obtained from investigators).
ALLOCATION CONCEALMENT
Fourteen trials were described as randomized but provided no description on how the 'random'
allocation was done and were coded B, two trials were considered to be quasi-randomized and
were coded C, in one trial allocation concealment was considered adequate by consensus (coded
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A).
BLINDING
Double-blinding was described in eight trials (Code A), single-blinding (blind outcome assessment
described but no placebo used) was described in seven trials (code B), and blind outcome
assessment was indicated in two trials (code C) which described the use of placebo.
LOSS TO FOLLOW UP
Seventy-three per cent (73%) of the participants originally enrolled in the studies were included in
the final analysis (3243 analysed out of 4423 initially randomized). These data exclude six of the 17
included studies, which provided no information on the number of participants randomized to
relevant groups. Drop-out rates were obtained from all but one of the 17 included studies and
ranged from 2% at 2 years to 39% at 3 years. The most common reason for attrition was that
participants were not available for follow up examination at the end of the study.
OTHER METHODOLOGICAL FEATURES
Cluster randomization was used in three trials which compared fluoride varnishes to fluoride
mouthrinses (Brunn 1985; Kirkegaard 1986; Seppa 1987) where school classes were used as units
of randomization and children used as units of analysis. Individuals were allocated to study arms in
all other trials, and each participant's caries incidence, over a period of time was used as the unit of
analysis.
Baseline comparisons and handling of any differences: one trial described as 'balanced' (for which
randomization may have succeeded to produce nearly exact balance) did not report any of the
actual values for the baseline characteristics (such as initial caries levels). Some degree of
imbalance was reported in a few trials (for characteristics considered most influential, usually initial
caries levels) and generally either described as not significant or that adjustment had resulted in
trivial differences in effect estimates.
Objectivity/reliability of primary outcome measurement: diagnostic methods used (clinical or
radiographic) were described in all studies, but thresholds/definitions used for caries and
monitoring of diagnostic errors were not always reported (see ^Notes' in the 'Characteristics of
included studies' table for methodological features assessed).

Results
EFFECT ON DENTAL CARIES
Pooled estimates of the relative effects of topical fluoride therapy (TFT) are presented for caries
increment in the permanent dentition as Decayed, (Missing) and Filled Surfaces Prevented Fraction
(D(M)FS PF). Estimates for caries increment in the deciduous dentition are presented as decayed,
(missing/extraction indicated), and filled surfaces Prevented Fraction (d(m/e)fs PF).
Sixteen studies provided data suitable for meta-analysis. Standard deviations (SD) of mean caries
increment data (new D(M)FS) were missing in two of the 16 studies (Axelsson 1987; Ran 1991).
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
increment) = 0.64 + 0.55 log (mean caries increment), (R-squared = 77%). This equation was used
to estimate missing standard deviations from mean D(M)FS increments for the meta-analyses. The
single study reporting caries increment in deciduous tooth surfaces (Petersson 1985) did not
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provide standard deviations of mean caries increment (new dfs) either, and is not included in the
analysis of D(M)FS PF (no caries increment data for the permanent dentition).
We have decided to exclude the trial of Ran 1991 (comparing fluoride toothpaste with gel) from
any analysis because the DMFS increment in the fluoride gel arm of the trial was very small,
resulting in a poor estimate of PF. Thus, 15 studies are included in the meta-analyses.
The results are reported separately here for the following main comparisons;
(1) Fluoride varnish versus gel (1 trial)
(2) Fluoride varnish versus mouthrinse (4 trials)
(3) Fluoride varnish versus toothpaste (1 trial, incomplete data, for deciduous tooth surfaces only)
(4) Fluoride toothpaste versus gel (3 trials)
(5) Fluoride toothpaste versus mouthrinse (6 trials)
(6) Fluoride gel versus mouthrinse (1 trial)
(7) Fluoride toothpaste versus any TFT - D(M)FS data available for comparisons with fluoride gel
(3 trials) and fluoride mouthrinse (6 trials), but not for comparison with fluoride varnish.
Objective 1 is addressed in comparisons (1) to (6). The only comparison of fluoride gel versus
varnish involved professional application of both, so comparison 1 (of fluoride varnish versus gel)
under Objective 1 in effect addresses Objective 2 as well (comparative effect of operator-applied
varnish and operator-applied gel). Similarly, the only comparison of fluoride gel versus mouthrinse
involved self-application of fluoride gel, so comparison 2 (of fluoride mouthrinse versus varnish)
under Objective 1 in effect addresses Objective 3 as well (comparative effect of fluoride mouthrinse
and professionally-applied TFT). Finally, Objective 4 (comparative effect of fluoride toothpaste and
other TFT) is addressed in comparison 7.
Relatively few trial reports provided data able to contribute to meta-analysis and with the exception
of three trials, which were not carried out on a double-blind basis (Torell 1965; Koch 1967, Seppa
1987), all reported equivocal results for caries reductions, i.e. no demonstrated differential effect.
Apart from the division of trials into those comparing fluoride toothpaste with gel or mouthrinse in
comparison (7), no subgroup analyses were performed due to the lack of an appropriate volume of
data. No metaregression and funnel plot analyses were performed either, on the grounds of
insufficient data.
(1) Fluoride varnish versus fluoride gel
Only one trial (Seppa 1995) compared fluoride varnish with fluoride gel (n = 254). Analysis of this
trial showed a non-significant effect in favour of fluoride varnish and a wide confidence interval for
the estimate of effect. The D(M)FS prevented fraction was 0.14 (95% Cl, -0.12 to 0.40; p = 0.30),
suggesting that there is insufficient evidence from this trial to confirm or refute a differential effect
in caries reduction.
(2) Fluoride varnish versus fluoride mouthrinse
Four trials compared fluoride varnish with fluoride mouthrinse (n = 952). The D(M)FS prevented
fraction pooled estimate from the random effects meta-analysis of all four trials combined was 0.10
(95% Cl, -0.12 to 0.32; p = 0.40), a non-significant effect in favour of fluoride varnish and a wide
confidence interval for the pooled estimate of effect. Heterogeneity in the results could be observed
graphically and statistically (chi squared = 11.13 on 3 degree of freedom, p = 0.01) and according
to the I-squared heterogeneity statistic the extent of heterogeneity (or lack of consistency) in
results is indeed large (I squared = 73%). If a fixed effects meta-analysis is performed, however,
the result becomes statistically significant and the two models still come out with similar answers.
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even though the differential effect is larger in the fixed effects meta-analysis. The D(M)FS
prevented fraction pooled estimate from the fixed effects meta-analysis was 0.15 (95% Cl, 0.04 to
0.26; p = 0.007).
We performed further sensitivity analysis to take account of the additional uncertainty we should
have about the three cluster randomized trials (Brunn 1985, Kirkegaard 1986, and Seppa 1987) in
this comparison. We inflated the variance of the prevented fraction estimates in these trials by an
amount equal to (1 + (m-1) * ICC), where m is the average cluster size and ICC the intraclass
correlation coefficient. A conservative value of 0.1 for the ICC was used since we could not find an
ICC from these or any similar trials. The D(M)FS PF pooled estimate (random effects meta
analysis) was 0.14 (95% Cl, -0.06 to 0.34; p = 0.16). It may be noted that although heterogeneity
in these results could not be detected by the standard chi squared test (chi squared = 5.86 on 3
degrees of freedom, p = 0.12), this was not due to homogeneity (I squared = 49%). Nevertheless,
these results are similar to the analysis ignoring the cluster randomized design (though not
identical, since the estimates for these trials differ from the meta-analysis result), showing a non
significant differential effect in favour of fluoride varnishes, but less heterogeneity in results. Again,
if a fixed effects meta-analysis is performed the result becomes statistically significant and the two
models still come out with similar answers (and a larger differential effect is shown again). The
D(M)FS prevented fraction pooled estimate from the fixed effects meta-analysis was 0.19 (95%
Cl, 0.06 to 0.32; p = 0.005).
Double-blinding (use of placebo rather than no treatment comparisons) may represent a valid
indicator of study quality and source of heterogeneity in the topical fluoride reviews (Marinho
2003). If further sensitivity analysis is carried out (in the original data, ignoring the cluster
randomized design) excluding the two trials which are not double-blind, no significant differences
are detected. For the two double-blind trials combined (Brunn 1985, Kirkegaard 1986) the
D(M)FS prevented fraction pooled estimate (random effects meta-analysis) was -0.12 (95% Cl, 0.32 to 0.08; p = 0.23), a non-significant difference in the opposite direction, in favour of fluoride
mouthrinse. Heterogeneity in the results could not be observed graphically nor statistically (chi
squared = 0.50 on 1 degree of freedom, p = 0.48; I squared = 0). The revised meta-analysis yielded
an estimate of effect which differed from the overall estimate, indicating the results are not robust
and may be distorted by the lesser quality trials. Similar findings are obtained when we use the
inflated variances for these two trials: the D(M)FS prevented fraction pooled estimate (random
effects meta-analysis) was -0.12 (95% Cl, -0.40 to 0.17; p = 0.43), a non-significant difference in
favour of fluoride mouthrinse. Heterogeneity in the results was not detected.
(3) Fluoride varnish versus fluoride toothpaste
The single trial (Petersson 1985) comparing fluoride varnish with fluoride toothpaste (n = 183)
assessed the relative effect in terms of caries increment in deciduous surfaces and provided no
standard deviations or data from which these could be derived. It reported a negligible dfs PF o f 0.05 (Cl not obtainable).

It may be noted that this trial also reported on the proportion of children developing one or more
new caries in deciduous tooth surfaces. Exactly the same proportions were reported in both groups
(no evidence of a difference).
(4) Fluoride toothpaste versus fluoride gel
Three trials compared fluoride toothpaste with fluoride gel (n = 1256). The D(M)FS prevented
fi’action pooled estimate from the random effects meta-analysis of the three trials combined was
0.00 (95% Cl, -0.21 to 0.21; p = 1.00), i.e. absolutely no differences in effect and a relatively wide
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confidence interval. Heterogeneity was not significant according to the standard chi squared test,
but the test would have minimal power to detect heterogeneity (chi squared = 3.34 on 2 degree of
freedom, p = 0.19), which is actually indicated graphically and shown to be moderately large
according to the I-squared heterogeneity statistic (I squared = 40%).
(5) Fluoride toothpaste versus fluoride mouthrinse
The six trials comparing fluoride toothpaste with mouthrinse (n = 2545) showed no differences in
effect and substantial heterogeneity in results (1 squared = 85%). The D(M)FS prevented fraction
was 0.00 (95% Cl, -0.18 to 0.19; p = 0.97) and the chi squared test for heterogeneity was 32.35 on
5 degrees of freedom (p< 0.00001).

There was one trial reporting on the proportion of children developing one or more new caries in
permanent tooth surfaces (Torell 1965). It reported a non-significant risk ratio (RR) of 0.90 (95%
Cl, 0.60 to 1.37) in favour of toothpaste.
(6) Fluoride gel versus fluoride mouthrinse
Only one trial (DePaola 1980) compared fluoride gel with fluoride mouthrinse (ri = 257). It showed
a non-significant effect in favour of fluoride mouthrinse and a wide confidence interval for the
estimate of effect. The D(M)FS prevented fraction was -0.14 (95% Cl, -0.40 to 0.12; p=0.30)
suggesting that there is insufficient evidence from this trial to confirm or refute a differential effect
in caries reduction.

(7) Fluoride toothpaste versus any TFT
For all nine trials combined (three comparing fluoride toothpaste with gel and six with mouthrinse;
n = 3801), the D(M)FS prevented fraction pooled estimate from the random effects meta-analysis
was 0.01 (95% Cl, -0.13 to 0.14; p = 0.94), i.e., no significant differences were detected.
Heterogeneity in results was significant (chi squared = 36.28 on 8 degrees of freedom, p<0.0001),
and substantial (I squared = 78%). Results for the separate subsets comparing toothpaste with
either gel or mouthrinse (described above) are consistent with no evidence of a differential effect.
EFFECT ON OTHER OUTCOMES
Data for unacceptability of treatment were reported in eight trials that reported dropouts. Each of
the eight trials reported equivocal results for this outcome, i.e. no demonstrated differential effect.
Meta-analysis results for these are described below.
Fluoride varnish versus fluoride mouthrinse
The pooled estimate (random effects meta-analysis) of the relative risk (RR) of dropping out from
the fluoride varnish group as opposed to the mouthrinse arm in the two trials that reported
dropouts was 1.19 (95% Cl, 0.86 to 1.65) in favour of fluoride mouthrinse, but no significant
differences were detected. Using alternative measures of effect has given similar results (OR 1.26,
Cl 0.82 to 1.94). Heterogeneity was not detected in these results (chi squared = 0.15 on 1 degree
of fi-eedom, p = 0.70; I squared = 0%).
Fluoride varnish versus fluoride toothpaste
There was one trial only reporting dropouts in this comparison. The relative risk (RR) of dropping
out from the fluoride varnish group as opposed to the toothpaste arm of the trial was 1.28 (95%
Cl, 0.37 to 4.41) in favour of fluoride toothpaste, but no significant differences were detected and
the confidence interval was wide.
Fluoride toothpaste versus fluoride mouthrinse
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The pooled estimate (random effects meta-analysis) of the relative risk (RR) of dropping out from
the fluoride toothpaste group as opposed to the fluoride mouthrinse arm in the five trials that
reported dropouts was 0.89 (95% Cl, 0.78 to 1.00; p = 0.05) in favour of fluoride toothpaste.
Heterogeneity was not detected in these results (chi squared = 2.61 on 4 degrees of freedom, p =
0.63; I squared = 0%). Using alternative measures of effect has given similar results (OR 0.83, Cl
0.70 to 1.00; RD -0.03, Cl -0.06 to 0.00).
None of the trials in the other pairwise comparisons reported dropouts fully.
Fluoride toothpaste versus any TFT
The pooled estimate (random effects meta-analysis) of the relative risk (RR) of dropping out from
the fluoride toothpaste group as opposed to the other TFT arm (fluoride varnish (one trial),
mouthrinse (five trials)) in the six trials that reported dropouts was 0.88 (95% Cl, 0.78 to 1.00; p =
0.05) in favour of fluoride toothpaste. Heterogeneity was not detected in these results (chi squared
= 2.65 on 5 degrees of freedom, p = 0.75; I squared = 0%). Using alternative measures of effect
has given similar results (OR 0.83, Cl 0.70 to 0.99; RD -0.02, Cl -0.05 to 0.00).

Discussion
Topical fluorides in the form of toothpastes, mouthrinses, varnishes and gels are effective caries
preventive interventions. The effectiveness of each of these has been assessed fully in four previous
systematic reviews in this series (Marinho 2002; Marinho 2002a; Marinho 2003; Marinho 2003a).
Compared with placebo or no treatment the average DMFS prevented fractions ranged from 24%
for fluoride toothpaste, through 26% for mouthrinses and 28% for gels, to 46% for fluoride
varnish. These conclusions were made on a clearer basis in placebo controlled trials (Marinho
2003b). For example, the first review in the series focused on the effectiveness of fluoride gels and
reported a pooled PF on permanent tooth surfaces of 21% based on 14 placebo-controlled studies
(Marinho 2002). In terms of absolute caries reductions per year in D(M)FS increments (in
populations with D(M)FS increments of around 2), these ranged from 0.46 for fluoride gel to 0.74
for fluoride varnish (mouthrinses 0.56, toothpaste 0.62). There is uncertainty, however, about the
relative value of the various topical fluoride treatments.
The main question addressed by this review is how effective the use of one type of topical fluoride
therapy (TFT) for the prevention of caries in children is compared to another. The 15 studies
included in the meta-analyses in this review covered nearly all the range of direct head to head
comparisons of possible practical value between fluoride toothpastes, mouthrinses, gels and
varnishes. Yet, there is a relatively small number of trials in each main comparison/meta-analysis.
The randomized evidence that we have brought together is, as far as we can ensure, the totality of
the available randomized evidence comparing the relevant topical fluoride modalities directly.
There is a general lack of statistical significance for virtually all meta-analyses' results in this
review. Further, for the great majority of comparisons, the confidence intervals are relatively wide
and the variation among the results of the studies can be substantial. This calls for a cautious
interpretation of the data.
Our second objective was to assess the relative effectiveness of professionally-applied gels and
varnishes. Based on the results from the single trial comparing fluoride varnish to fluoride gel there
is insufficient evidence to confirm or refute a differential effect in caries reduction between these
two interventions. Analysis of this trial showed a non-significant effect in favour of fluoride varnish
and a wide confidence interval for the estimate of effect.
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A third objective of the review was to examine whether there was a beneficial effect in terms of
caries prevention from the use of fluoride mouthrinses (a self-applied TFT) compared with
professionally-applied TFTs (varnishes or gels). The only available comparison of fluoride gel and
mouthrinse, based on a single study, involved self-application of fluoride gel, and showed a non
significant effect in favour of fluoride mouthrinse and a wide confidence interval for the estimate of
effect. Therefore, the question above is in effect addressed exclusively by the meta-analysis of five
trials of fluoride mouthrinse compared with fluoride varnish. We were unable to detect a clear
differential effect from these data. In addition, although the random effects meta-analysis of the five
trials produced a non-significant result (of small magnitude) in favour of varnishes, when the
analysis was restricted to the subset of two double-blind trials (both cluster randomized trials
comparing the same fluoride varnish product used semi-annually with the same fluoride mouthrinse
used fortnightly), the difference in effect was reverted in favour of mouthrinses, but still not
statistically significant.
It is interesting to compare these results with those of Strolimenger 2001 that carried a systematic
review on the anti-caries efficacy of fluoride varnishes, using a different and restrictive set of
inclusion criteria, which resulted in the analysis of only three studies. All three of these studies were
comparisons of fluoride varnishes with fortnightly fluoride mouthrinses at school, and were
included in our analyses. Again, although the pooled estimate of the treatment effect in the meta
analyses by Strohmenger 2001 favoured fluoride varnish, the results were not statistically
significant at the 0.05 level.
The final objective of the review was a comparison between fluoride toothpastes and any other
modality of TFT (mouthrinses, gels or varnishes). The general observation is that there is no
indication of an increased benefit with the use of either, toothpaste or the other TFTs. Again, data
(for the permanent dentition) were available from trials involving direct comparisons of toothpaste
with fluoride mouthrinse and with fluoride gel; relevant comparisons with useable data of fluoride
toothpaste and varnish were lacking. Nevertheless, results for the separate subsets and for all the
data combined comparing toothpaste with either gel or mouthrinse are consistent with no evidence
of an important differential effect.
The results above, based on head to head comparisons in this review, are generally in line with
those from a previous systematic review in this series (Marinho 2003b), based on adjusted indirect
comparisons from meta-analyses of all four TFT types in which a large amount of data from
placebo/no treatment trials were considered. Results from the adjusted indirect comparisons
suggested no significant differences in treatment effects between gel, mouthrinse and toothpaste,
but significantly lower D(M)FS prevented fractions for fluoride gel, mouthrinse or toothpaste in
comparison with fluoride varnish. However, relatively few fluoride varnish trials were included in
the indirect comparison analyses and very few among these were placebo-controlled trials, making
it difficult to rule out the possibility of an overestimation of the size of the differential effect, due to
the preponderance of no treatment control fluoride varnish studies of lower methodological quality
in the review. Nevertheless, empirical evidence indicates that in most cases results of adjusted
indirect comparisons are not significantly different from those from direct comparisons (Song
2003), and when direct evidence is available but insufficient, the adjusted indirect comparison may
provide supplementary information (Higgins 1996). Thus, the data available for indirect
comparisons could usefully strengthen conclusions based on the pooled results from the direct
comparisons in this review, especially when there are concerns about the methodological quality of
a few randomized trials. Methods are being developed to formally combine data from direct and
indirect evidence (Higgins 2003) and we hope to be able to apply the new methods in future
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updates of this review.

As was generally the case for other reviews in this series, v/e found no useful information in the
trials about potential adverse effects such as fluorosis, tooth staining, or oral allergic reactions.
However, if children are allocated to fluoride toothpaste they appear to be more likely to stay in
the study than if they are given alternative forms of topical fluoride therapy.
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Reviewers' conclusions
Implications for practice
This review has found that compared with each other, fluoride toothpaste and mouthrinse, and
toothpaste and gel appear to be effective to a similar degree in the prevention of dental caries in
children. The benefits in terms of caries reduction from fluoride mouthrinse compared with gel,
fluoride varnish compared with gel, and varnish compared with toothpaste (deciduous teeth only)
are unclear. In addition, there is no clear indication from this review that any additional cariostatic
effect may accrue from the use of fluoride varnish in comparison to mouthrinse. The general
acceptability for fluoride toothpastes is unquestioned by these results. Arguably, fluoride varnishes
lead to less fluoride ingestion, which may be of importance in young children, and require less time
for application (usually at semi-annual intervals), but the general lack of data on potential adverse
effects and on acceptance for virtually all TFTs, makes it more difficult to weigh the benefits of
using any given topical fluoride against possible shortcomings of the procedure.

Implications for research
There is a general lack of randomized trial evidence evaluating the comparative effectiveness of the
various topical fluorides for the prevention of dental caries in children, and, therefore, a modest
difference in treatment effect may have been missed for most relevant comparisons. However, the
lack of a clear suggestion of significant benefits from the data analysed from most direct
comparisons may not indicate priority for the performance of new studies. Nevertheless, taking the
available results from indirect evidence into account as well, there may be a suggestion for the
performance of additional larger studies of higher methodological quality to determine whether
fluoride varnishes are more effective in caries prevention than other topical fluorides, gels and
mouthrinses in particular, since varnishes are already perceived to present some empirical
advantages over these treatments.
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follow ups.

analyses (N = 426).

duration = 5 years).

years.

Applied twice a year, with

Natural losses; no differential Surfaces affected at start: 3
group losses.
D M FS.

Review Manager 4.2.2

soft brush, left to d r y for 4
min (prior toothcleaning

School-classes randomized

B

Baseline characteristics
D M F S (U )(xr).

(D M F S , erupted surfaces,
age) 'balanced'.
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Exposure to other fluoride:

performed).

Drop out.

29

Clinical (V T ) caries
assessment by one examiner,

toothpaste assumed.

diagnostic threshold NR.

Year study began: 1978.

NaF group (FR) = 900 ppm

Location: Denmark.

F.

Radiographic assessment (2

School use/super\'ised,

postBW) by one examiner;

fortnightly, 10 ml applied.

diagnostic threshold = DR.
State o f tooth eruption
included (E /U ).
Reproducibility o f diagnosis
assessed by duplicate clinical
and radiographic
axamination o f 10% sample
(reliability coefficient 0.90).

Koch 1967

Stratified random

209 children analysed at 3

a llo catio n ***; single-blind

years (present for entire trial

(B); non-placebo-controlled;

period).

F R \ersus F T
N aF group (FR) = 2250 ppm

19% drop out after 3 years

Age range at start: 8-12 years F.

(study duration = 3 years + 2

(average = 1 0 ).

School use/supen ised.

years post-intervention

Surfaces a fleeted at start:

fortnightly, 10 ml applied for

period).

14.6 DFS.

2 min.

Natural losses; no differential Exposure to other fluoride:
group losses.

3yDFS increment -

Participants randomized (N =

(C A )(E )cl.

258).

Reported at 1 and 3 years

Baseline characteristics

follow ups (and 2 years

(DFS, D F T , SAR)

post-treatment).

A

'balanced'.
Clinical (V T ) caries

D FT.

assessment by one examiner;

0 -D F S .

diagnostic tlireshold = CA;

no.

N aF group (F T ) = 1000 ppm

M D -D FS .

radiographic assessment (2

Year study began: 1962.

F.

BL-DFS.

postBW) used as an aid but

Location: Sweden.

School use/supen ised, daily.
Ig applied for 2 min;

C A R (annual).

eruption included = E.

non-fluoride toothpaste

Secondary caries.

Intra-examiner

Abrasive sy stem:

Oral tissue inflammation

DFS in 10% sample (icc over

methacrylate pol)m er

(incomplete data).

not reported; state o f tooth

provided to all for home use.

reproducibility checks for

(acrylic).

0.98); rev ersals ver>' small in
both groups and equally

Dropout

common.
* * * Allocation concealment
considered adequate by
consensus.

Review Manager 4,2.2
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Koch 1979

Random allocation;

197 children analysed at 2

single-blind (B);

years (present for entire trial

F V versus FR

non-placebo-controlled; 2%

period).

N aF Group (Duraphat®

drop out after 2 years (study

Average age at start; 14

varnish) = 22,600 ppm F.

duration = 2 years).

years.

Applied twice a year (0.3 to

Surfaces affected at start:

0.5 m l), with small brush

Natural losses (all but 3
children completed the study,

13.1 DFS. Exposure to other

(prior toothcleaning

moved away from the area);

fluoride: toothpaste and

performed).

no differential group losses.

O.SppmF in water.

2yDFS incrcmciU - (C A).\r.

Participants random ized (N =

Reported at land 2 years

200 ).

follow ups.

Baseline characteristics

B

(D FS ) balanced'.
DFS(cl).

Clinical (V T ) caries
assessment by one examiner;

Dropout.

diagnostic threshold = CA;
radiographic assessment (2
postBW) by two examiners;

Y ear study began: in/befbre

NaF group (FR) = 900 ppm

diagnostic threshold = DR.

1976.

F.

State o f tooth eruption

Location: Sweden.

30

School use/super\ised,

included NR. Diagnostic

weekly, 7 ml applied for 1

errors NR.

min.

M ainwaring 1978

Stratified random allocation;

1106 children analysed at 3

F G +P L T versus F T+P LG (2

double-blind (A );

years (available at final

groups)

placebo-controlled; 18% drop examination).

3yNet/Crude DFS increment

Participants randomized

- (C A )(E )cl+ (E R )xr.

(numbers for rele\ ant groups

Reported at 3 years follow

N R ).

up.

Baseline characteristics (age,
C linical (V T ) caries

out (for all study groups

Age range at start: 11-12

APF group (FG ) = 12,300

combined) after 3 years

years.

ppm F.

(study duration = 3 years).

Surfaces affected at start: 8.1

Operator-applied, with tray,

PF-DFS cl.

Natural losses; any

DFS

twice a year, applied for 4

postM D-DFS xr.

assessment by one examiner;

Exposure to other fluoride:

min (prior toothbrushing

DFS (U ) cl+xr.

diagnostic threshold = CA;

differential group losses not
assessable.

no.

with non-fluoride toothpaste

Y ear study began: in/befbre

performed).

SAR, D FS) balanced'.

state o f tooth eruption
CIR.

included = E. Radiographic
assessment (2 postBW) by

1974.
Location: UK.

B

SMFP groups (F T 1 & F T 2 ) =

one examiner; diagnostic

1000 ppm F (but flavours

threshold = ER.

were different).

Intra-examiner

Home use/unsuper\ ised, for 1

reproducibility checks for

min, daily ffequenc}'

D FS in 10% sample (icc for

assumed.

V T /X R over 0.95); error

Abrasive s>stem: Ca

variance less than 5% o f

carbonate.

total variance; reversal rate
less than 4% o f observ ed

Review Manager 4.2.2
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DFS increment in all groups.

M arthaler 1970

Random allocation;

106 children analysed at 3

indication o f blind caries

years (present for all

assessment (C);

examinations).

placebo-controlled; 18% drop Age range at start: 6-7 years.

3yNetDFS increment -

Participants randomized

(C A )cl+ (D R )xr.

(numbers for relevant groups

A m F/N aF group (FG ) =

Reported at 1 and 3 years

N R).

12,500 ppm F.

follow ups.

Baseline characteristics (age,

F G + P L T versus FT+P LG

B

D F M S , Istm D M F S )

out (for all study groups

Surfaces affected: 0.9 D M F S

Self-applied under

combined) after 3 years

Exposure to other fluoride:

supervision at school, with

IstmPF-DFS.

balanced'.

(study duration = 3 years).

salt.

toothbrush, 20 times a year,

Istm M D -D FS .

Clinical (V ) caries

Exclusions based on use o f

Y ear study began: 1966,

Ig applied for 6 min.

orthodontic bands and

Location: Switzerland.

assessment by two
examiners; diagnostic
threshold = C A and N C A ;

presence in all follow-up

A m F group (F T ) = 1250 ppm

examinations; any

F.

state o f tooth eruption

differential group losses not

Home use/unsupervised,

included NR. Radiographic

assessable.

twice/three times a day/680

assessment (2 postBW) by

times a year estimated.

two examiners; diagnostic
threshold = D R and ER;

Abrasive s> stem: IM P.

partial recording. 'Sufficient
agreement o f the tw o
examiners known from
earlier work'.

M arthaler 1970a

Random allocation;

44 children analysed at 2 & 4 *

indication o f blind caries

years (present for all

assessment (C);

examinations).

placebo-controlled; 30% drop Age range at start: 7-9 years.

2y*N etD FS increment -

Participants randomized

(C A )cl+ (D R )xr.

(numbers for relevant groups

A m F/N aF group (FG ) =

Reported at 2 and 4 years

N R ).

12,500 ppm F.

follow ups.

Baseline characteristics (age,

out (for all study groups

Surfaces affected: 2.1 D M FS.

Self-applied under

combined) after 4 years

Exposure to other fluoride:

superv ision at school, with

IstmPF-DFS (C A ) cl.

'balanced'.

(study duration = 4 years).

salt.

toothbrush, 22 times a year,

1stinM D-DFS (D R ) xr.

Clinical (V ) caries

Exclusions based on use o f

Y ear study began: 1966.

Ig applied for 6 min.

orthodontic bands, and

Location: Switzerland.

presence in all follow-up

Review Manager 4.2.2

F G + P L T versus FT+P LG

B

D M F S , Istm D M F S )

assessment by two
examiners; diagnostic

A m F group (F T ) = 1250 ppm

threshold = C A and N C A ;

examinations; any

F.

state o f tootli eruption

differential group losses not

Home use/unsupervised,

included N R . Radiographic

assessable.

twice/three times a day/800

assessment (2 postBW) by

times a year estimated.

two examiners: diagnostic
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threshold = D R and ER;

Abrasive sj stem; IM P.

partial recording. 'Sufficient
agreement o f examiners
known from earlier work'.
*F solution used by all
children after 2 years (final 4
years results not considered).

Petersson 1985

2ydfs increment - (E )

Participants randomized (N =

(C A )c l+ (D R )x r

193).

N aF Group (Duraphat®

Reported at 2 years follow

Baseline characteristics (dfs)

Average age at start: 3 years.

varnish) = 22,600 ppm F.

up.

'balanced'.

duration = 2 years).

Surfaces affected at start: 0.9

Applied twice a year.

Reason(s) for attrition NR;

dfs (data from original

0-defs.

assessment by two
examiners; diagnostic

Quasi-random allocation;

183 children analysed at 2

single-blind (B);

years (present for entire trial

non-placebo-controlled; 5%

period).

drop out after 2 years (study

no differential group losses.

F V + P L T versus F T alone

Clinical (V T ) caries

sample only).

N aF group (F T ) = 250 ppm

MD-defs.

Exposure to other fluoride:

F.

BL-defs.

none assumed.

Home use/unsupen ised,

Year study began: 1978.

daily ffequenc) assumed.

Location: Sweden.

C

threshold = CA; radiographic
assessment (2 postBW) by

Proportion o f children with

two examiners; diagnostic

one or more new dels (at C A

threshold = DR. Diagnostic

level).

errors NR.

Drop out.

Ran 1991

Review Manager 4.2.2

Random allocation;

86 children analysed at 1.5

single-blind (B);

years; all male.

non-placebo-controlled; 20%

Participants randomized

FG (2 groups) versus FT

1.5yNetDM FS increment (C A ).

(numbers for relevant groups

Average age at start: 13

Am F group (F G l) = 4000

Reported at 0.5 and 1.5 years

NR).

drop out (for all study groups

years.

ppm F,

follow ups (and 0.5 year

Baseline characteristics

combined) after 1.5 years

Surfaces affected at start: 6.0

A m F group (FG 2) = 12.500

post-treatment).

(D F M S ) with some

(study duration = 1 . 5 years +

DMFS.

ppm F.

imbalance (reported as NS

0.5 year post-intervention

Exposure to otlier fluoride:

Self-applied under

difference). Clinical (V T )

period).

data not obtained for home

supervision at school, with

caries assessment by one

Reasons for attrition/

use o f dentifrice.

toothbrush, 25 times a year,

examiner; diagnostic

Ig applied for 4 min.

handling o f exclusions NR;

Year study began: in/befbre

any differential group losses

1989.

not assessable.

Location: Israel.

B

threshold = C A; state o f tooth
eruption included N R;

A m F group (F T ) = 1250 ppm

intra-examiner

F.

reproducibilit} checks for
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D M F S (icc reaching 0.97).

School use/super\ised,
fortnightly/20 times a year,
Ig applied for 4 min (no
post-brush rinsing done and
no provision o f any
toothpaste for home use
reported).
Abrasive S} Stein: NR.

Ringelberg 1979

Stratified random allocation;

711 children analysed at 2.5

FR +PLT (2 groups) versus

double-blind (A );

years (available at final

FT+P LR (2 groups)

placebo-controlled; 39% drop examination).

2.5yNetDM FS increment -

Participants randomized (N =

(C A )cl + (D R)xr.

1174).

Reported at 2.5 years follow

Baseline characteristics

out after 2.5 years (study

Average age at start: 11

A m F group (F R l) = 250 ppm up.

duration = 2.5 years).

years.

F, NaF group (FR 2) = 250

Reason(s) for attrition NR;

Surfaces affected at start: 4.0

ppm F.

no differential group losses.

DMFS.

School use/super\’ised, daily,

Exposure to other fluoride:

10 ml applied for 1 min.

B

(D M F S , D M F T ) "balanced'.
Clinical (V T ) caries

D M FT.

assessment by tw o
examiners, diagnostic

Stain score.

threshold = C A
Radiographic assessment (5

no.
Year study began: 1973.

A m F group ( F T l) = 1250

Location: USA.

ppm F, SnF2 group (F T 2) =

Drop out.

B W ) by two examiners;
diagnostic threshold = DR.

1000 ppm F.

State o f tooth eruption

Home use/unsupenised,

included N R . Re\ ersal rate

daily frequenc) assumed.

between 4 and 9% o f

Abrasive s> stem: Ca

observed caries increment in

pyrophosphate in SnF2

the groups.

toothpaste, N R for Am F
toothpaste.

Seppa 1987

Review Manager 4.2,2

Cluster random allocation;

185 children analysed at 2

single-blind (B);

years (available at final

F V (2 groups) versus FR

non-placebo-controlled; 9%

examination).

NaF Group 1 (Duraphat®

drop out after 2 years (study

Age range at start: 10-13

varnish) = 22,600 ppm F.

2yD M FS increment - cl+xr.

School-classes randomized

Reported at 2 years follow

(24) and children taken as

up.

B

units for caries increment
analyses (N = 204); numbers

duration = 2 years).

years.

NaF Group 2 (Fluor

by group NR.

Reasons for attrition/

Surfaces affected at start: 8.9

Protector® varnish) = 7000

Baseline characteristics

handling o f exclusions NR;

DM FS.

ppm F.

(D M F S , age) slightly

any differential group losses

Exposure to other fluoride:

Both applied twice a year

"unbalanced".
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not assessable.

toothpaste assumed.

(0.3 to 0.5 ml), with small

Clinical (V T ) caries

Year study began: in/belbre

brush, (prior toothcleaning

assessment by one examiner;

1984.

performed).

diagnostic threshold = CA;

34

radiographic assessment (2

Location: Finland.
NaF group (FR ) = 900 ppm

postBW) by one examiner;

F.

diagnostic threshold = DR.

School use/super\'ised,

State o f tooth eruption

fortnightly, 10 ml applied.

included N R. Diagnostic
errors NR.

Seppa 1995

3yDM FS increment - (C A )

Participants randomized (N =

cl+xr.

289); numbers by group NR.

NaF Group (Duraphat®

Reported at 3 y ears follow

Baseline characteristics

varnish) = 22,600 ppm F.

up.

(D M F S , M D -D M F S )

year, with small brush (prior

Side effects (incomplete

Clinical (V T ) caries

data).

F V \ersus FG

Random allocation;

254 children analysed at 3

single-blind (B);

years (available at final

non-placebo-controlled; 12%

examination).

drop out after 3 years (study

Age range at start: 10-12

duration = 3 years).

years.

Operator-applied tw ice a

Reasons for attrition/

Surfaces affected at start: 7.4

'balanced'.

handling o f exclusions NR;

D M FS.

toothcleaning not

any differential group losses

Exposure to other fluoride:

performed).

diagnostic threshold = CA;

Year study began: in/before

APF group (FG ) = 12,300

(B W ) by one examiner;

1991.

ppm F.

diagnostic threshold = DR.

not assessable.

assessment by one examiner,
radiographic assessment

toothpaste.

Location: Finland.

B

Operator-applied twice a

State o f tooth eruption

year, with tray , applied for 4

included NR. Diagnostic

minutes (prior toothcleaning

errors NR.

not performed).

Torell 1965

Random allocation;

667 children analysed at 2

FR (2 groups) v ersus F T (2

single-blind (B);

years (available at final

groups)

non-placebo-controlled; 17%

examination).

drop out rate alter 2 years

Average age at start; 10

N aF Group (F R l): 230 ppm

(study duration = 2 years).

years.

F, 10 ml applied daily, home

Natural losses mainly; no

Surfaces affected at start:

differential group losses.

Review Manager 4.2.2

2yD M FS increment - (C A )cl.

Participants randomized (N =

B

793).
Reported at 1 and 2 years

Baseline characteristics

follow ups.

(D M F S , M D -D M F S )

use/unsupenised (instructed

M D -D M F S .

Clinical (V T ) caries

FS.

"balanced'.

14.6 D M F S (from sample

to be done after

randomized).

toothbrushing ).

Exposure to other fluoride:

N aF Group (FR2): 900 ppm

Proportion o f children w ith

threshold = C A; radiographic

none assumed.

F, 10 ml applied fortnightly.

new carious lesions - (U )xr.

assessment (B W ) by two

assessment by two
examiners, diagnostic
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Y ear study began: 1962.

examiners; diagnostic

school use/superv ised.
Drop out.

Location: Sweden.
SnF2 group ( F T l) = 1000

35

threshold = DR. State of
tooth eruption included NR.

p pm F,

Inter- and intra-examiner

N aF group (FT2) = 1 1 0 0

reproducibilit)' checks done

ppm F.

for clinical caries in 4 and

Home use/unsuper\'ised,

2% sample respecta ely;

daily frequenc>' assumed

duplicate examination o f

(brushing twice a day and

x-rays records done and any

post-brushing w ater rinse

discrepancies discussed

instructed).

before final diagnosis.

Abrasive s>stem: Ca
pyrophosphate in SnF2
toothpaste, Na bicarbonate in
NaF toothpaste.

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 o f study period (final sample), unless otherwise stated. Age range
(average xige when reported) at the time the study started based on all study participants (or on
groups relevant to the review when data were available),
Istm =first permanent molar; AmF = amine fluoride; APF = acidulated phosphate fluoride; BW
= bite-wing x-ray assessment; Ca = calcium; Ca carbonate = CaC03; CA = lesions showing loss
o f enamel continuity that can be recorded clinically (undermined enamel, softened floor walls) or
showingfrank cavitation; CAR = caries attack rate; CIR = caries incidence rate; 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 ) andfilled permanent surfaces or teeth; DR = radiolucency into dentin; E = teeth
erupted at baseline; ER = any radiolucency in enamel/enamel-dentin junction; F = fluoride; FG
=fluoride gel; FR =fluoride mouthrinse; F T =fluoride toothpaste; F V = fluoride varnish; icc =
intra-class correlation coefficient (for inter-rater reliability); IMP = insoluble Na
metaphosphate; M - missing permanent teeth; MD = mesio and distal surfaces; N numbers;
Review Manager 4.2.2
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Na = sodium; NaF = sodium fluoride; NCA = non-cavitated enamel lesions visible as white spots
or discolouredfissures; NR = not reported; NS = not significant; NT = no treatment control; O =
occlusal surfaces; PF = p it andfissure surfaces; PL = placebo; postBW = posterior bite-wing
x-ray assessment; ppm F = parts per million o f fluoride; ptc = prior tooth-cleaning performed
with or without a non-fluoride paste; Silica = silicon dioxide (Si02); 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
Study ID

Reason for exclusion

Barnaud 1984

Only three clusters (schools), each randomized to one of the three
interventions compared (FR vs FTl vs FT2).

Hamp 1984

Additional fluoride-based intervention associated to fluoride
mouthrinse. Blind outcome assessment not stated. (FV vs FR)

Ivanova 1990

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely. (FV vs FG/FV vs FR/FG
vs FR)

Ivanova 1990a

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely. (FV vs FG)

Karjalainen 1994

Additional non fluoride-based intervention associated to fluoride
mouthrinse. (supervised FR vs unsupervised FT)

Ramos 1995

Open outcome assessment. (FV vs FR)

Shobha 1987

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely. (FV vs FG)
Note - Main outcome data not reported in control group (and not
obtainable).

Suntsov 1991

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated and unlikely. (FV vs FR)
Note - Only post-treatment effects reported.

Wilson 1978

Random or quasi-random allocation not stated. (FR vs FT)

FG =fluoride gel; FR ^fluoride mouthrinse; F T =fluoride toothpaste; FV =fluoride varnish
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References to studies
Included studies
Ashley 1977

{published data only}

Ashley FP, Mainwaring PJ, Emslie RD, Naylor MN. Clinical testing of a mouthrinse and a dentifrice
containing fluoride. A two-year supervised study in school children. British Dental Journal
1977;143:333-8.

Axelsson 1987

(published data only}

Axelsson P, Paulander J, Nordkvist K, Karlsson R. Effect of fluoride containing dentifrice,
mouthrinsing, and varnish on approximal dental caries in a 3-year clinical trial. Community Dentistry
and Oral Epidemiology 1987;15:177-80.

Blinkhorn 1983

(published and unpublished data}

Blinkhorn AS, Holloway PJ, Davies TG. Combined effects of a fluoride dentifrice and mouthrinse
on the incidence of dental caries. Community Dentistry and Oral Epidemiology 1983;11:7-11.

Bruun 1985

(published data only}

Bruun C, Bille J, Hansen KT, Kann J, Qvist V, Thylstrup A. Three-year caries increments after
fluoride rinses or topical applications with a fluoride varnish. Community Dentistry and Oral
Epidemiology 1985;13:299-303.

DePaola 1980

(unpublished data sought but not used}

* DePaola PF, Soparkar M, Van Leeuwen M, DeVelis R. The anticaries effect of single and
combined topical fluoride systems in school children. Archives of Oral Biology 1980;25 :649-53.
Lu KH, Porter DR, Pickles TH. Separate and combined cariostatic effects of fluoride gel and rinse
[abstract No 239]. Journal of Dental Research 1980;59:947.

Kirkegaard 1986

(published data only}

Kirkegaard E, Petersen G, Poulsen S, Holm SA, Heidmann J. Caries-preventive effect of Duraphat
varnish applications versus fluoride mouthrinses: 5-year data. Caries Research 1986;20:548-55.

Koch 1967

(published data only}

Hollender L, Koch G. Influence of topical application of fluoride on rate of progress of carious
lesions in children. A long-term roentgenographic follow-up. Odontologisk Revy 1969;20:37-41.
Koch G, Lindhe J. The effect of supervised oral hygiene on the gingiva of children. The effect of
sodium fluoride. Journal of Periodontal Research 1967;2:64-9.
Koch G, Lindhe J. The state of the gingivae and the caries-increment in school-children during and
after withdrawal of various prophylactic measures. In: McHugh WD, editor(s). Dental Plaque. A
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symposium held at the University of Dundee, 22 to 24 September, 1969. Edinburgh and London; E.
& S. Livingstone, 1970:271-81.
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01 D(M)FS increment (PF) - nearest to 3 years (1 trial)
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01 D(M)FS increment (PF) - nearest to 3 years (4 trials)
02 Unacceptability of treatment as measured by leaving study early (2 trials)
03 Fluoride varnish versus Fluoride toothpaste
01 d(e)fs increment (PF) - nearest to 3 years (1 trial)
02 Unacceptability of treatment as measured by leaving study early (1 trials)
04 Fluoride toothpaste versus Fluoride gel
01 D(M)FS increment (PF) - nearest to 3 years (3 trials)
05 Fluoride toothpaste versus Fluoride mouthrinse
01 D(M)FS increment (PF) - nearest to 3 years (6 trials)
02 Unacceptability of treatment as measured by leaving study early (5 trials)
06 Fluoride gel versus Fluoride mouthrinse
01 D(M)FS increment (PF) - nearest to 3 years (1 trial)
07 Fluoride toothpaste versus Other topical fluoride
01 D(M)FS increment (PF) - nearest to 3 years (9 trials)
01 Fluoride toothpaste versus fluoride gel (3 trials)
03 Fluoride toothpaste versus fluoride mouthrinse (6 trials)
03 Unacceptability of treatment as measured by leaving study early (6 trials)
01 Fluoride toothpaste versus fluoride varnish (1 trial)
02 Fluoride toothpaste versus fluoride mouthrinse (5 trials)
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Abstract
Background
Topical fluoride therapy (TFT) in the form of toothpastes, mouthrinses, varnishes and gels are
effective caries preventive measures. However, there is uncertainty about the relative value of these
interventions when used together.

Objectives
To compare the effectiveness of two TFT modalities combined with one of them alone (mainly
toothpaste) when used for the prevention of dental caries in children.

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 Issue 2, 2000), MEDLINE
(1966 to January 2000), plus several other databases. We handsearched journals, reference lists of
articles and contacted selected authors and manufacturers.

Selection criteria
Randomized or quasi-randomized controlled trials with blind outcome assessment, comparing
fluoride vamish, gel, mouthrinse, or toothpaste in combination with each other 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 & 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 mean caries increments between the 'treatment' and 'control' groups expressed as a
percentage of the mean increment in the control group. Random effects meta-analyses were
performed where data could be pooled.

Main results
Eleven o f the 12 included studies contributed data for the meta-analyses. For the nine trials that
provided data for the main meta-analysis on the effect of fluoride mouthrinses, gels or varnishes
used in combination with toothpaste (involving 4026 children) the D(M)FS pooled PF was 10%
(95% Cl, 2% to 17%; p = 0.01) in favour of the combined regimens. Heterogeneity was not
substantial in these results (I squared = 32%). The separate meta-analyses of fluoride gel or
mouthrinse combined with toothpaste versus toothpaste alone favour the combined regimens, but
differences were not statistically significant; the significant difference in favour of the combined use
of fluoride vamish and toothpaste accmes from a very small trial and appears likely to be a
spurious result. Not all other combinations of possible practical value were tested in the included
studies. The only other statistically significant result was in favour of the combined use of fluoride
gel and mouthrinse in comparison to gel alone (pooled DMFS PF 23%; 95% Cl 4% to 43%; p
=0.02), based on two trials. No other combinations of TFT were consistently superior to a single
TFT.

Reviewers* conclusions
Topical fluorides (mouthrinses, gels, or varnishes) used in addition to fluoride toothpaste achieve a
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modest reduction in caries compared to toothpaste used alone. No conclusions about any adverse
effects could be reached, because data were scarcely reported in the trials.
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Background
Dental caries and its consequences pose important and uncomfortable problems in all industrialized
societies and in a large number of developing countries. Although the prevalence and severity of
dental caries in most industrialized countries have decreased substantially in the past two decades,
reaching averages as low as 1.1 decayed, missing and filled teeth (DMFT) in 12 year olds, nearly
half of those without any tooth decay or fillings (Marthaler 1996), this largely preventable disease
is still common, increases significantly with age, and remains a public health problem for a
significant proportion of the world population (Burt 1998). In the United Kingdom, 30% of 3.5 to
4.5 year olds (Moynihan 1996), and 50% of 12 year olds (Downer 1995) had experienced caries in
1993. In 2000, the figures were 40% for 5 year olds in Great Britain (Pitts 2001) and 38% for 12
year olds in England and Wales (Pitts 2002). These findings demonstrate the continuing need for
effective preventive strategies and treatment services for these age groups in a country that has
experienced a substantial caries decline. In general, dental caries levels vary considerably between
and within different countries, but children in the lower socio-economic status (SES) groups have
higher caries levels than those in the upper SES groups, and these differences are consistent in
industrialized and in urbanized developing countries (Chen 1995).
Fluoride therapy has been the cornerstone of caries-preventive strategies since the introduction of
water fluoridation schemes over five decades ago (Murray 1991). Fluoride controls the initiation
and progression of carious lesions. Intensive laboratory and epidemiological research on the
mechanism of action of fluoride in preventing caries indicates that fluoride's predominant effect is
topical, which occurs mainly through promotion of remineralization of early caries lesions and by
reducing sound tooth enamel demineralization (Featherstone 1988). Various modes of fluoride use
have evolved, each with its own recommended concentration, frequency of use, and dosage
schedule. The use o f topically applied fluorides in particular, which are much more concentrated
than the fluoride in drinking water, has increased over recent decades and fluoride containing
toothpastes (dentifrices), mouthrinses, gels and varnishes are the modalities most widely used at
present, either alone or in different combinations. By definition, the term 'topically applied fluoride'
describes 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.
Fluoride gels and varnishes are typical methods of professional topical fluoride application and both
delivery systems have been used in preventive programs. Fluoride gels have also been used as a self
applied intervention in such programs. Fluoride mouthrinses and toothpastes are the main forms of
self applied fluoride therapy. The intensive use of fluoride mouthrinsing in school programs has
been discontinued in many developed countries because of doubts regarding its cost-effectiveness
at a low prevalence of dental caries and are being replaced by selective fluoride therapy directed to
high risk children. Such procedures usually involve the combined use of fluoride toothpastes with
gels or varnishes. Toothpaste is by far the most widespread form of fluoride usage (Murray 1991a;
Ripa 1991) and the decline in the prevalence of dental caries in developed countries has been
mainly attributed to its increased use (Glass 1982; Rolla 1991; Marthaler 1994; O'Mullane 1995;
Marthaler 1996).
However, there is currently a debate regarding the appropriate use of fluorides. 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 applied fluorides are still effective in
reducing caries, and safe, mainly in terms of the potential risk of fluorosis (mottled enamel) (Ripa
1991). In this context, even the need for selective professional fluoride applications has been
questioned (Seppa 1998). The persistence of this debate and the variations in the use of the main
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forms of topically applied fluorides suggest the need to search for meaningful ways to summarize
the empirical findings on this topic systematically.
If topical fluorides remain effective it will then become relevant to assess which form is best by
directly comparing the various treatments currently used and to assess how much extra benefits
topical fluoride treatments used together may actually have, and whether the likely benefits are
worth the effort considering potential negative effects such as fluorosis. Because the use of fluoride
toothpaste is widespread in fluoridated and non-fluoridated areas, and supported by researchers
and public health authorities as the method of choice among all topical fluoride interventions, there
would be little justification for the use of professionally-applied or supervised self applied fluoride
interventions if their combined use with toothpastes results in a marginal enhancement of
effectiveness. The unanswered question today, of how much extra caries protection comes from a
professionally-applied fluoride or a fluoride rinsing program on top of that provided from the
regular use of fluoride toothpaste, is of clear importance and needs to be formally investigated.
Over the past half-century, numerous clinical trials have investigated the anti-caries effect of each
topical fluoride intervention. It appears that most of the trials have focused on topical fluoride in
one form or another and that a small number of such trials have directly investigated increased
effectiveness when two or more fluoride interventions are topically applied. Although the results of
studies investigating the cariostatic efficacy of the combined use of various fluorides have been
assessed before (Marthaler 1971; Horowitz 1980; Marthaler 1990), there has been no systematic
review of the available evidence.
With regard to the clinical effectiveness of topical fluoride therapy (TFT) in the form of
toothpastes, mouthrinses, gels and varnishes three basic questions can be asked:
1- Is TFT effective in preventing dental caries in children and adolescents?
2- Is one of these forms of TFT more effective than another?
3- Are combinations of these TFT forms more effective than one form used alone?
This review attempts to answer the third question; the other two questions are addressed in
separate reviews.

Objectives
The primary objective of this systematic review is:
(1) to determine whether there is a beneficial effect of adding topical fluoride therapy (TFT) in the
form of mouthrinse, gel or vamish to fluoride toothpaste.
As secondary objectives we:
(2) evaluated the addition of each TFT modality to toothpaste separately;
(3) evaluated all other combinations of two TFT modalities compared to one of them.

Criteria for considering studies for this review
Types of studies
Randomized or quasi-randomized controlled trials using or indicating blind outcome assessment, in
which one form of TFT (toothpaste, mouthrinse, vamish or gel) is compared concurrently with
another in combination with it, during at least one calendar or school year.
Randomized or quasi-randomized controlled trials using within group paired comparison designs
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(e.g. split-mouth trials involving fluoride vamish, as the effect of the vamish could spread across
the mouth leading to contamination of control sites), or with open outcome assessment or no
indication of blind assessment, or lasting less than one calendar or school year, or controlled trials
where random or quasi-random allocation was 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
intervention 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 therapy (TFT) in the form of toothpastes, mouthrinses, gels or varnishes only,
using any fluoride agent (which may be formulated with any compatible abrasive system, in the
case of fluoride toothpastes), at any concentration (ppm F), amount or duration of application, and
with any technique or method of application, provided the frequency of application was at least
once a year. The following comparisons are of relevance (combined TFT compared with single
TFT): Fluoride toothpaste plus any topical fluoride (vamish, gel, mouthrinse) compared with
toothpaste alone, and any other combination of two of these modalities compared with one
modality alone.
Studies where the intervention consisted of any caries preventive agent/procedure (e.g. other
fluoride-based measures, anti-plaque or anti-calculus agents, sealants, oral hygiene interventions,
xylitol chewing gums, glass ionomers) used in addition to any form of TFT described above were
excluded.

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. For studies in younger children the outcome
measure of interest is caries increment in deciduous tooth surfaces, as measured by change in the
decayed, (missing/extraction indicated), and filled surface d(e/m)fs index. Dental caries is defined
here as being clinically and radiographically recorded at the dentin level of diagnosis. (See
'Methods of the review' 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 deciduous dentitions; tooth loss; proportion of children developing new
caries; dental pain/discomfort; specific side effects (fluorosis, tooth staining/discoloration, oral
allergic reactions, adverse symptoms such as nausea, vomiting); unacceptability of preventive
treatment as measured by dropouts during the trial (in non-placebo controlled studies); use of
health service resources (such as visits to dental care units, length of dental treatment time).
Studies reporting only on changes in plaque/calculus formation, plaque regrowth/vitality,
plaque/salivary bacterial counts, or gingival bleeding/gingivitis, dentin hypersensitivity or fluoride
physiological outcome measures (fluoride uptake by enamel or dentin, salivary secretion levels,
etc.) were excluded.
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Search strategy 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 fluoride reviews) by searching several
databases from date of inception; 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 (below) with low specificity (but high sensitivity), using '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
Randomized Controlled Trials (RCTs). These subject search phrases were customised for
searching EMBASE and the other databases:
(a) [( "DENTAL-CARIES " explode all subheadings or "DENTAL-CARIES-ACTIVITY-TESTS "
all subheadings or "DENTAL-CARJES-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 subheadings 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*))].
RCT filters were also adapted to search EMBASE, BIOSIS, SCISEARCH, DISSERTATION
ABSTRACTS, and LILACS/BBO. All the strategies (subject search and methodological filters)
developed to search each database are fully described in a report produced for the Systematic
Reviews Training Unit (Marinho 1997), and are available on request. These were used for the
development 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 Issue 1,
1997), the Community of Science database (1998), which included ongoing trials funded by the
National Institute of Dental Research (NIDR), the System for Information on Grey Literature in
Europe (SIGLE) database (1980 to 1997), and OLD MEDLINE (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 Technical Proceedings (ISTP) and DISSERTATION
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• From 1999 to 2001
The following strategy 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:
[(fluorS or ppmf or ppm f or amf or snf or naf or apf or mfp or smfp or monofluorS or duraphatS)
and (carieS or dmf$ or cpo$ or tooth$ or teethS or dent$ or dientS or anticarieS or carioS or
mouthrinsS or mouth rins$ or rinse$ or bochechS or enjuagS or vemiz$ or vamishS or bamizS or
lacaS or gel or gels)] and [randomS or aleatoriS or acasoS or azar$ or blindS or mask$ or cego$ or
cega$ or ciego$ or ciega$ or placeboS or(clinic$ and (trial$ or ensaioS or estudS)) or (controls and
(trials or ensaioS or estudS))].

Four supplementary and more specific subject search phrases (including 'free text' and 'controlled
vocabulary' terms), refined exclusively for the reviews on the effects of individual fluoride
modalities, formulated around three concepts each (the relevant topical fluoride therapy (TFT),
fluoride and caries) were used to search Silverplatter MEDLINE (up to January 2000) without
methodological filters:
[(CARIE* or (DENT* near CAVIT*) or TOOTH* DECAY* or DMF* or (explode "DENTALCARIES"/ 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
(1) (TOOTHPASTE* or TOOTH* PASTE* or DENTIFRICE* or PASTE*) or (explode
"DENTIFRICES "/ all subheadings)].
(2) ((RINS* or MOUTH* RINS* or WASH* or MOUTH* WASH*) or (MOUTHRINS* or
MOUTHWASH*)) or (explode "MOUTHWASHES"/ all subheadings)].
(3) (FLUOR* or ...or ELMEX* or (explode "FLUORIDES"/ ALL SUBHEADINGS))
and (GEL* or TRAY*)].
(4) (FLUOR* or (DURAPHAT* or FLUOR PROTECTOR*) or (explode "FLUORIDES"/ ALL
SUBHEADINGS)) and (VARNISH*) or (LACQUER* or LAQUER*) or (VERNIZ*) or
(LACKER*) or (LAKK*) or (SILANE* or POLYURETHANE*)]
These strategies were adapted to search the Cochrane Oral Health Group's Trials Register (up to
May 2000), and have also been run on CENTRAL (The Cochrane Library Issue 2, 2000) to double
check.
The metaRegister of Current 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 located up to
January 2000 were checked 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
Library database: Cochrane Database of Systematic Reviews (CDSR), and the CRD databases:
Database of Abstracts of Reviews of Effects (DARE) and NHS Economic Evaluation Database
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(NHS EED), were also searched. Reference lists of relevant chapters from preventive dentistry
textbooks on topically applied fluoride interventions were also consulted.
FULL TEXT SEARCHING
Prospective handsearching of the seven journals identified as having the highest yield of eligible
RCTs/controlled clinical trials (CCTs) was carried out, from January 1999 until January 2000:
British Dental Journal, Caries Research, Community Dentistry and Oral Epidemiology, Journal of
the American Dental Association, Journal of Dental Research, Journal of Public Health Dentistry
and European Journal of Oral Sciences. The handsearch of Community Dentistry 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 technical 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
information 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, mouthrinses, gels and varnishes was created for locating 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. Fourteen
manufacturers were contacted (October 2000) and information on any unpublished trials requested:
Bristol-Myers Co, Colgate-Palmolive, Davies Rose-Hoyt Pharmaceutical Division, Gaba AG,
Ivoclar North America, John O Butler Company, Johnson & Johnson, Oral-B Laboratories,
Pharmascience, Procter & Gamble, Smithkline Beecham, Synthelabo, Unilever/Gibbs, WarnerLambert.

Methods of the review
MANAGEMENT OF RECORDS PRODUCED BY THE SEARCHES
Because multiple databases were searched, the downloaded set of records from each database,
starting with MEDLINE, was imported 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 checked without the benefit of
eliminating duplicates. The records produced by OLD MEDLINE and by the specific MEDLINE
search performed without methodological filter were imported to Reference 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 Current Controlled Trials
were also checked outside Reference Manager. In order to facilitate inspection of all records
located from searching other (non-electronic) sources (reference lists of relevant studies, review
articles and book chapters, journal handsearch, personal contact), we also tried to locate them in
MEDLINE and to import them to Reference Manager. Those references that could not be
downloaded in this way were entered manually.
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RELEVANCE ASSESSMENT
All records identified by the searches were printed off and checked on the basis of title first, then by
abstract (when this was available in English or in languages known by the reviewer) and/or
keywords by one reviewer, Valeria Marinho (VM). Records that were obviously irrelevant were
discarded and the full text of all remaining records was obtained. Records were considered
irrelevant according to study design/duration, participants, or interventions/comparisons (if it could
be determined that the article was not a report of a randomized/quasi-randomized controlled trial;
or the trial was of less than 6 to 8 months duration; or the trial was exclusively in adults; or the trial
did not address at least two of the relevant topical fluoride treatments; or the trial did not compare
one topical fluoride with topical fluoride used in combination).
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 (Clai ke
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 allocation 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/blinding of participants described).
B. Single-blind (blind outcome assessment stated and no placebo used/participants not blind).
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 independently 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 outcome 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 examination performed independently of previous results, of x-rays
registered independently of clinical examination, of use of a placebo, 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 sample of approximately one third. 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 outcome had been carried out blind.
Checking of interobserver reliability was limited to these validity assessments.
Other methodological characteristics of the trials such as completeness of follow up (proportion
excluded) and handling of exclusions (extent to which reasons for attrition are explicitly reported.
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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. [For example, sensitivity analyses
could be performed to assess the impact of blind outcome assessment and concealment of
allocation, since studies where blinding is not clearly stated (but likely) and studies reporting
inadequate allocation concealment are also included in this review].
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. Again, data that could not be coded by the first reviewer were
independently coded by the second, any disagreements were discussed and a third reviewer
consulted to achieve consensus where necessary. (In future updates all reports will be data
extracted and quality assessed in duplicate.) Data presented only in graphs and figures were
extracted whenever possible, but were included only if two reviewers independently had the same
result. Attempts were made to contact authors through an open-ended request in order to obtain
missing information or for clarification whenever necessary. Papers in languages not known by the
reviewers were data extracted with help from appropriate translators.
Additional information related to study methodology or quality that was extracted included: study
duration (years o f follow up); comparability of baseline characteristics: methods used pre
randomization in sizing/balancing (stratification based on relevant variables) or used post
randomization in analysing/adjusting for possible differences in prognostic factors between groups;
objectivity/reliability of primary outcome measurement (diagnostic methods and
thresholds/definitions used and included, and monitoring of diagnostic errors); any co-intervention
and/or contamination. 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, DPS, or other measure), background exposure to fluoride sources
other than the study option(s) (in water, topical applications, etc), year study began, place where
study was conducted (country), setting where participants were recruited, and dental treatment
level (F/DMF). Characteristics of the interventions that were extracted included: fluoride
modality(s), mode of application (how the intervention was delivered), methods (technique/device)
of application, prior- and post-application, fluoride active agents and concentrations used,
frequency and duration of application, and amount applied.
Different ways of assessing/reporting caries increment in the trials (change from baseline as
measured by the DMF index) were recorded separately and/or combined according to the
components 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,
approximal surfaces, etc), state of tooth eruption considered (erupted and/or erupting teeth or
surface), diagnostic thresholds used (cavitated/dentin lesions, non-cavitated incipient lesions),
methods of examination adopted (clinical and/or radiographic), and approaches to account or not
for reversals in caries increment adopted (in a net or observed/crude caries increment respectively).
In addition, caries increments have been recorded whenever the authors reported them (various
follow ups), and where assessments of caries increments were made during a post-intervention
follow up period, the length of time over which outcomes were measured after the intervention
ended was noted.
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As we were aware that caries increment could be reported differently 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 chosen 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 dentinal/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.
All other relevant outcomes assessed/reported in the trials were also recorded/listed.
ANALYSES
Handling of missing main outcome data
It was decided that missing standard deviations for caries increments that were not revealed by
contacting the original researchers would be imputed through linear regression of log standard
deviations 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
(similar) to their standard deviations (van Rijkom 1998).
Handling of results (main outcome) of studies with more than one treatment arm
For studies with more than two-arms, where the same TFT form(s) is(are) compared in two or
more 'experimental' groups (for example, different active agents or concentrations of fluoride ion
are compared for the same modality(ies) of TFT to a common 'control' group), raw results (the
numbers, mean caries increments and standard deviations) from all relevant 'experimental' groups
were combined in order to obtain a measure of treatment effect (this enables the inclusion of all
relevant data for each form/combined forms of TFT in the meta-analyses). In the studies comparing
more than two relevant combined modalities of TFT with a common fluoride toothpaste group, the
toothpaste group was divided into approximately equally sized smaller groups to provide a
pairwise comparison for each combination of modalities. Means and standard deviations were
unchanged.
Choice of measure of effect and meta-analyses of main outcome
The chosen measure of treatment effect was the prevented fraction (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 data) this measure was considered
more appropriate than the mean difference or standardised mean difference, 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. Within-study variances
were estimated using the formula presented in Dubey 1965 which was more suitable for use in a
weighted average, and for large sample sizes the approximation should be reasonable. Random
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effects meta-analyses were performed throughout in RevMan 4.2/RevMan Analyses.
Deciduous and permanent teeth were analysed separately throughout.
For illustrative purposes, when overall results were significant, the results were also presented as
the number 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 in the results of the trials 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 (Thompson 1999).

Statistically significant heterogeneity was investigated using metaregression when a meta-analysis
included a sufficiently large number of studies. In addition to aspects of study quality, potential
sources of heterogeneity investigated would include baseline levels of caries severity and exposure
to fluoride sources other than the study options. The association of these factors with estimated
effects (D(M)FS PFs) would be examined by performing random effects metaregression analyses in
Stata version 6.0 (Stata Corporation, USA) using the program Metareg (Sharp 1998).
Investigation of publication and other biases
A funnel plot (plots of treatment 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 et al (Egger 1997).
Measures of effect and meta-analysis of other outcomes
For outcomes other than caries increment, continuous data would 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 4.2 was used for estimation of overall treatment effects. Again, a
random effects model was used to calculate a pooled estimate of effect. NNT was calculated when
overall results were significant. As a general rule only (relevant) outcomes with useable data were
shown in the analyses tables.

Description of studies
SEARCH RESULTS
Our initial multiple database search (1997/98) produced the following total number of records,
according to database searched; MEDLINE, 4599; EMBASE, 5052; BIOSIS, 421; SCISEARCH,
514; SSCISEARCH, 169; ISTP, 66; CINAHL, 133; ERIC, 60; DISSERTATION ABSTRACTS,
95; LILACS, 48; BBO, 47; CENTRAL, 86; SIGLE, 6. Searching OLD MEDLINE produced 545
records, and the Community of Science database, 24 records. In the second stage of searches
(1999), searching LILACS and BBO with a modified search strategy produced 210 records (142
and 68 records respectively). The more specific MEDLINE searches (by individual modalities of
topical fluoride therapy (TFT)) performed without a randomized controlled trial (RCT) filter
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produced 2441 records, and the searches performed in the Cochrane Oral Health Group's Trials
Register (May 2000) produced 479 records. Searching the metaRegister of Current Controlled
Trials for ongoing studies produced 5 records. Many records retrieved through electronic search
were duplicates merged later in the core database, and many appeared more than once in different
databases and/or searches performed (overlapped).
Searching other non-electronic sources (reference lists of potentially relevant reports, review
articles or book chapters, relevant journals, and contacting authors) produced 171 additional
records for inspection. (Any search results produced by contacting manufacturers will feature in
updates of this review).
RESULTS OF RELEVANCE ASSESSMENT
When all the records produced by the searches above were screened, a total of 713 reports were
identified as potentially eligible and further assessment was sought.
STUDY SELECTION RESULTS
One full text report could not be obtained (this was an incomplete reference of an unpublished
study/grey literature). Six hundred and ninety (690) reports were considered immediately irrelevant
for this review, largely as a result of the types of intervention compared with (or used in addition
to) the relevant topical fluorides (including all placebo or no treatment control trials without a
relevant comparison o f topical fluorides in combination with each other), and due to the types of
study design described.
Thus, 16 studies (22 reports) are considered/cited in this review. These comprise 15 reports
relating to 12 included studies, 6 reports relating to three excluded studies, and one report relating
to one study waiting assessment (because it requires translation, but look unlikely to either be a
randomised trial or to add to data already acquired). There are no reports of ongoing studies. Two
non-English reports in Portuguese (one study) listed under included studies have been fully
assessed.
EXCLUDED STUDIES
See 'Characteristics o f excluded studies' for the description of reasons for rejecting each study.
We have excluded two studies comparing fluoride mouthrinse plus toothpaste with mouthrinse
alone (one of which also compared fluoride toothpaste plus mouthrinse with toothpaste alone) and
one study comparing fluoride mouthrinse plus gel with mouthrinse alone. These three studies were
excluded for the following reasons;
Two studies did not mention or indicate random (or quasi-random) allocation and blind outcome
assessment; and one study did not mention or indicate random or quasi-random allocation but
described blind outcome assessment (attempts to contact the authors of this study were
unsuccessful and it was excluded).
INCLUDED STUDIES
See 'Characteristics of included studies' table for details of each study.
There are 12 trials included. The study conducted by Marthaler 1970 was treated as two
independent trials because the results for the two age groups involved were reported separately as
distinct studies. The 12 trials were conducted between 1966 and 1985: two during the 1960s (in
Switzerland), nine in the 1970s (two in Sweden, two in USA, three in UK), and one in the 1980s
(in Brazil). Three studies had more than one publication, one of these had four published reports.
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All 15 reports were published between 1969 and 1995. Of a total of three studies whose authors
were sent request letters for unpublished information, reply related to one study was obtained.
Design and methods
All the 12 included studies used parallel group designs and with one exception (Arcieri 1988), all
had more than two relevant arms. In one of the 11 multiple arm trials (Triol 1980) there was one
group (study arm) of the single topical fluoride modality (toothpaste) and three groups of
toothpaste and mouthrinse combined (where different concentrations of the same fluoride agent in
the mouthrinse was tested); in another (Mainwaring 1978) there were two toothpaste study-arms
(testing different flavours of toothpaste) and one group of gel and toothpaste combined; and in
another (Ringeiberg 1979) there were two groups of each, toothpaste or mouthrinse, and of these
tested in combination (using different active fluoride agents). It should be noted that two of the
included studies (Arcieri 1988; Triol 1980) had only one single fluoride modality being compared
with this combined with another; i.e. each study had one relevant comparison only; eight studies
compared two different single topical fluoride modalities to a common group where both
modalities were combined; i.e. there were two relevant comparisons (with a common group) in
each; and one study (Axelsson 1987) with three relevant comparisons, where both the single
fluoride group and the combined fluoride group were alternatively common to two comparisons.
This study has therefore been entered as two distinct studies (Axelsson 1987/ Axelsson 1987a)
because mouthrinses or varnishes tested in combination with toothpaste, each combined regimen in
a separate arm, were to be compared to a common toothpaste group in the main meta-analysis. All
but one study (Arcieri 1988) used inactive/placebo interventions for the single fluoride arm of the
relevant comparisons. Study duration ranged from 2 to 3 years. Studies were generally large with
only three allocating less than 200 children to relevant study groups; all but one study recruited
children from school settings.
Interventions
There are five trials comparing fluoride toothpaste plus mouthrinse with toothpaste alone (Ashley
1977; Axelsson 1987; Blinkhom 1983; Ringeiberg 1979; Triol 1980) - and four comparing
mouthrinse plus toothpaste with mouthrinse alone (Ashley 1977; Axelsson 1987; Blinkhorn 1983;
Ringeiberg 1979), followed by three comparing toothpaste plus gel with toothpaste alone
(Mainwaring 1978; Marthaler 1970; Marthaler 1970a) - and the same three comparing fluoride gel
plus toothpaste with gel alone, two comparing toothpaste plus varnish with toothpaste alone
(Axelsson 1987a; Petersson 1985) - and one comparing fluoride varnish plus toothpaste with
varnish alone (Petersson 1985), two comparing gel plus mouthrinse with gel alone (Arcieri 1988;
DePaola 1980) - and one comparing mouthrinse plus gel with mouthrinse alone (DePaola 1980)
In all but one trial testing fluoride toothpastes, the fluoride concentrations in the toothpastes were
similar, ranging from 1000 to 1250 ppm F, and in three of these trials toothbrushing was performed
under supervision at school. In one of the trials testing fluoride varnish, the application frequency
was semi-annual (concentration 22,600 ppm F) and in the other, testing a 22,600 ppm F
(Duraphat) varnish, the frequency of application was four times a year. The fluoride concentration
in all five trials testing a fluoride gel was also similar (12,300/12,500 ppm F), but fi-equency of gel
application varied from twice (operator-applied) to 22 times a year (self applied). There was
variation in the fluoride concentration (100, 230/250, 900 ppm F) in the trials testing fluoride
mouthrinsing, but frequency of application was either daily (in two trials) or weekly (in the other
five trials).
Participants
Participants were aged 14 or less at the start (in all trials), with similar numbers fi-om both sexes
(where these data were reported). The majority of trials included children who were around 12
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years at start, and only one trial (Petersson 1985) involved pre-school children. Caries prevalence
at baseline, reported in all but two of the studies, ranged from 1 to 10 D(M)FS (and was 0.9 dfs in
the study by Petersson). All studies reported exposure or not to water fluoridation, and only one
was conducted in a fluoridated community.
Outcome measures
Caries increment: all trials reported caries increment data (or data from which these could be
derived) at the tooth surface level (D(M)FS was reported in 11 trials, and defs in one), and three
trials reported caries increment at the tooth level (D(M)FT). With regard to the components of the
DMFS index used (and types of teeth/surfaces assessed), six trials reported DFS data (for all tooth
surface types), three trials reported DMFS data (for all tooth surface types) and two trials reported
DS data (for approximal surfaces of premolars and molars only). No choice had to be made
between DMFS or DFS data in any one trial. Trials presented results using one caries grade only
(usually CA/ER or CA/DR), or did not report the grade, or reported caries increment data at both
levels o f diagnosis (in which case CA was chosen). Data on the state o f tooth eruption considered
were not clearly specified in most trials.
The table 'Characteristics o f included studies' provides a description o f all the main outcome data
reported from each study with the primary measure chosen featuring at the top.
Other dental caries data reported: caries incidence rate (one trial), caries progression (two trials),
and proportion of children developing new caries (two trials, one for the permanent dentition and
another for the deciduous).
Data on adverse effects: stain score (one trial), any side effects (one trial, without complete or
useable data, and with the following statement: "no side effects observed in both groups").
Fluorosis data have not been reported in any o f the trials.
Data for unacceptability o f treatment (as measured by dropouts/exclusions) were completely
reported in six trials.

Methodological quality of included studies
Based on 28 studies included in the topical fluoride reviews and randomly selected for assessment
of reproducibility and agreement between two reviewers, interrater 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).
There was variation in the quality o f the studies in this review (using the reported information and
additional information obtained from investigators).
ALLOCATION CONCEALMENT
Ten trials were described as randomized but provided no description on how the 'random'
allocation was done and were coded B, two trials were considered to be quasi-randomized and
were coded C. None o f the trials which described the randomization process or whose
investigators provided further information in answer to our enquiry could be assigned code A
(adequate concealment o f allocation fully described).
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BLINDING
Double-blinding was described in seven trials (Code A), single-blinding (blind outcome assessment
described but no placebo used) was described in three trials (code B), and blind outcome
assessment was indicated in three trials (code C) which described the use o f placebo. It may be
noted that the study by Axelsson 1987 was performed double-blind and Axelsson 1987a single
blind (i.e. there were two relevant comparisons double-blind and one single-blind in this study
which was treated as two studies, one double-blind and another single-blind).
LOSS TO FOLLOW UP
Seventy-four per cent (74%) of the participants originally enrolled in the studies were included in
the final analysis (3386 analysed out o f 4556 initially randomized). These data exclude five o f the
12 included studies, which provided no information on the number o f participants randomized to
relevant groups. Drop-out rates were obtained from all but one study and ranged from 5% at 2
years to 40% at 2.5 years. The most common reason for attrition was that participants were not
available for follow up examination at the end o f the study.
OTHER METHODOLOGICAL FEATURES
Individuals were allocated to study arms in all trials, where each participant's caries incidence, over
a period of time was used as the unit o f analysis.
Type of randomization: stratified randomization was reported in five trials (but there was no
mention of use o f blocking).
Baseline comparisons and handling of any differences: one trial described as 'balanced' (for which
randomization may have succeeded to produce nearly exact balance) did not report any o f the
actual values for the baseline characteristics (such as initial caries levels).
Objectivity/reliability o f primary outcome measurement: diagnostic methods used (clinical or
radiographic) were described in all studies, but thresholds/definitions used for caries and
monitoring o f diagnostic errors were not always reported (see ^Notes' in the 'Characteristics of
included studies' table for methodological features assessed).

Results
EFFECT ON DENTAL CARIES INCREMENT
Pooled estimates o f the relative effects of topical fluoride therapy (TFT) are presented for caries
increment in the permanent dentition as Decayed, (Missing) and Filled Surfaces Prevented Fraction
(D(M)FS PF). Estimates for caries increment in the deciduous dentition are presented as decayed,
(missing/extraction indicated), and filled surfaces Prevented Fraction (d(m/e)fs PF).
Eleven studies contributed data suitable for meta-analysis. Standard deviations (SD) o f mean caries
increment data (new D(M)FS) were missing in three o f the 11 studies (Arcieri 1988; Axelsson
1987; Axelsson 1987a). From the analysis o f the 179 available treatment arms for the topical
fluoride reviews with complete information (as o f October 1999) we derived a regression equation
log (SD caries increment) = 0.64 + 0.55 log (mean caries increment), (R-squared = 77%). This
equation was used to estimate missing standard deviations from mean D(M)FS increments for the
meta-analyses. The single study reporting caries increment in deciduous tooth surfaces (Petersson
1985) did not provide standard deviations of mean caries increment (new dfs) either, and is not
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included in the analysis o f D(M)FS PF (no caries increment data for the permanent dentition).
The results are reported separately here for the following main comparisons:
(1) Adjuncts to toothpaste tested against toothpaste alone
[Any topical fluoride plus toothpaste versus toothpaste alone]
Subgroup 1: Fluoride mouthrinse plus toothpaste versus toothpaste alone
Subgroup 2: Fluoride gel plus toothpaste versus toothpaste alone
Subgroup 3 : Fluoride varnish plus toothpaste versus toothpaste alone
(2) Other combinations o f topical fluorides tested against any single modality
Subgroup 1: Fluoride mouthrinse plus gel versus mouthrinse alone
Subgroup 2: Fluoride mouthrinse plus gel versus gel alone
Subgroup 3 : Fluoride mouthrinse plustoothpaste versus mouthrinse alone
Subgroup 4: Fluoride gel plus toothpaste versus gel alone
Subgroup 5: Fluoride mouthrinse plus gel versus gel alone
Subgroup 6: Fluoride varnish plus toothpaste versus varnish alone
Objective 1 is addressed in comparison (1), in the meta-analysis which pools data across all
subgroups and includes nine trials, while each subgroup in comparison (1) in effect addresses
Objective 2. It may be noted that there was one included study that had a common fluoride
toothpaste group and tested two different relevant combinations o f topical fluoride with
toothpaste, mouthrinse plus toothpaste and varnish plus toothpaste. Due to the meta-analysis
addressing Objective 1, this has been entered as two comparisons/studies (Axelsson 1987/
Axelsson 1987a) in this review (dividing up the group o f the fluoride toothpaste arm into
approximately equally sized smaller groups to provide a pairwise comparison for each combination
o f the two modalities with fluoride toothpaste; means and standard deviations were unchanged).
In comparison (2), each subgroup addresses a relevant comparison for Objective 3.
As mentioned before, relatively few trial reports provided data able to contribute to meta-analysis
and with the exception o f three comparisons from three trials (Arcieri 1988; Axelsson 1987a,
Marthaler 1970), all reported equivocal results for caries reductions, i.e. no demonstrated
differential effect. Apart from the division of trials into the subsets comparing fluoride toothpaste in
combination with gel, varnish or mouthrinse in comparison (1), no subgroup analyses were
performed due to the lack of an appropriate volume o f data. No metaregression and funnel plot
analyses were performed either, on the grounds o f insufficient data.

(1) Fluoride toothpaste plus any TFT versus toothpaste alone
For all nine trials combined (one comparing fluoride toothpaste with varnish plus toothpaste, three
comparing toothpaste with gel plus toothpaste, and five comparing toothpaste with mouthrinse
plus toothpaste; n = 4026), the D(M)FS prevented fraction pooled estimate from the random
effects meta-analysis was 0.10 (95% Cl, 0.02 to 0.17; p = 0.01), i.e., a significant difference was
detected in favour o f toothpaste used in combination with other topical fluorides. Heterogeneity in
results was not detected statistically (chi squared = 11.75 on 8 degrees o f freedom, p = 0.16),
although some inconsistency in treatment effects can be observed graphically, and confirmed by the
I-squared heterogeneity statistic (I squared = 32%). Nevertheless, the largest variation in D(M)FS
PF (-0.15 and 0.48) accrues from the trials that carry the lowest weight in the meta-analysis.
Numbers of children needed to treat (NNT) to prevent one D(M)FS were calculated based on the
pooled D(M)FS prevented fraction and on the caries increments in the single toothpaste groups of
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the nine trials in the meta-analysis. The overall caries-inhibiting effect (% PF) derived from the
pooled results o f the trials was 10% (95% Cl, 2% to 17%); the caries increments in the included
trials ranged from 0.8 to 2.5 D(M)FS per year. In populations with a caries increment o f 0.8
D(M)FS per year (at the lowest end of the results seen in the included studies), this implies an
absolute caries reduction o f 0.08 D(M)FS per year, equivalent to an NNT o f 13 (95% Cl, 8 to 63);
i.e. 13 children need to use topical fluorides in combination to avoid one D(M)FS. In populations
with a caries increment o f 2.5 D(M)FS per year (at the highest range o f the results seen in the
included studies), this implies an absolute caries reduction o f 0.25 D(M)FS per year, equivalent to
an NNT of 4 (95% Cl, 3 to 20): i.e. 4 children need to use combined TFT to avoid one D(M)FS.
Results for the separate subsets comparing fluoride toothpaste with this in combination with
vamish, gel, or mouthrinse are as follows:
Fluoride toothpaste plus mouthrinse versus toothpaste alone
Five trials (Ashley 1977; Axelsson 1987; Blinkhorn 1983; Ringeiberg 1979; Triol 1980) compared
fluoride toothpaste in combination with mouthrinse versus toothpaste alone (n = 2738). The
D(M)FS prevented fraction pooled estimate from the random effects meta-analysis o f all five trials
combined was 0.07 (95% Cl, 0.00 to 0.13; p = 0.06), a just non-significant effect in favour o f the
combined regimen within a relatively narrow confidence interval for the pooled estimate o f effect.
Heterogeneity in the results could not be observed graphically nor statistically (chi squared = 1.42
on 4 degrees of freedom, p = 0.84; I squared =
Fluoride toothpaste plus gel versus toothpaste alone
Three trials (Mainwaring 1978; Marthaler 1970; Marthaler 1970a) compared fluoride toothpaste in
combination with fluoride gel versus toothpaste alone (n = 1217). The D(M)FS prevented fraction
pooled estimate from the random effects meta-analysis o f the three trials combined was 0.14 (95%
Cl, -0.09 to 0.38; p = 0.23), a non-significant effect in favour o f the combined regimen within a
relatively large confidence interval. Although no significant heterogeneity was detected (chi
squared = 5 .12 on 2 degrees of freedom, p = 0.08), since the test would have minimal power to
detect heterogeneity in this meta-analysis involving very few trials, the inconsistency in treatment
effects is in fact large according to the I squared statistic (I squared = 61%).
Fluoride toothpaste plus varnish versus toothpaste alone
There was one small trial (Axelsson 1987a) for this comparison (n = 71), estimating the relative
effects in the permanent dentition, which showed a large and highly significant effect in favour of
fluoride vamish in combination with toothpaste, and very wide confidence interval for the estimate
o f effect. The D(M)FS prevented fraction for this trial was 0.48 (95% Cl, 0.12 to 0.84; p = 0.009).
Numbers o f children needed to treat (NNT) to prevent one D(M)FS were calculated based on the
D(M)FS PF and on the caries increment in the toothpaste group o f this trial. In populations with a
caries increment o f 0.8 D(M)FS per year (seen in this study), this implies an absolute caries
reduction o f 0.38 D(M)FS per year, equivalent to an NNT o f 3 (95% Cl, 2 to 11): i.e. 3 children
need to use the combined regimen (rather than toothpaste alone) to avoid one D(M)FS.
Another trial (Petersson 1985) comparing fluoride vamish combined with toothpaste versus
toothpaste alone (n = 173) assessed the relative effect in terms o f caries increment in deciduous
surfaces only and provided no standard deviations or data from which these could be derived. It
reported a dfs PF o f 0.15 in favour of the combined therapy (Cl not obtainable).
(2) Other combinations of topical fluorides tested against any single modality
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Fluoride mouthrinse plus gel versus fluoride mouthrinse alone
Only one trial (DePaola 1980) compared fluoride gel in combination with mouthrinse versus
mouthrinse alone (n = 252). It showed non-significant differences in effect. The D(M)FS prevented
fraction was 0.02 (95% Cl, -0.20 to 0.24; p = 0.86) suggesting that there is insufficient evidence
from this trial to confirm or refute a differential effect in caries reduction.
Fluoride gel plus mouthrinse versus fluoride gel alone
Two trials (Arcieri 1988; DePaola 1980) compared fluoride gel in combination with mouthrinse
versus mouthrinse alone (n = 497). The D(M)FS prevented fraction pooled estimate from the
random effects meta-analysis of the two trials combined was 0.23 (95% Cl, 0.04 to 0.43; p =
0.02), a significant effect in favour of the combined regimen. Although heterogeneity in the results
could not be detected by the standard chi squared test (chi squared = 2.05 on 1 degree o f freedom,
p = 0.15), this was not due to homogeneity but to the smaller number o f studies (I squared = 51%).
Numbers of children needed to treat (NNT) to prevent one D(M)FS were calculated based on the
pooled D(M)FS PF and on the caries increments in the gel groups o f the trials that contributed data
to the meta-analysis. The caries increments were 1.56 and 5.09 D(M)FS per year. In populations
with a caries increment o f 1.56 D(M)FS per year, this implies an absolute caries reduction o f 0.36
D(M)FS per year, equivalent to an NNT of 3 (95% Cl, 2 to 16): i.e. 3 children need to use the
combined regimen (rather than fluoride gel alone) to avoid one D(M)FS. In populations with a
caries increment o f 5.09 D(M)FS per year, this implies an absolute caries reduction of 1.17
D(M)FS per year, equivalent to an NNT of 1 (95% Cl, 1 to 5): i.e. one child need to use the
combined regimen to avoid one D(M)FS.
Fluoride mouthrinse plus toothpaste versus mouthrinse alone
Four trials (Ashley 1977; Axelsson 1987; Blinkhorn 1983; Ringeiberg 1979) compared fluoride
toothpaste in combination with mouthrinse versus mouthrinse alone (n = 1678). The D(M)FS
prevented fraction pooled estimate from the random effects meta-analysis o f the four trials
combined was 0.05 (95% Cl, -0.05 to 0.15; p = 0.33), a non-significant effect in favour o f the
combined regimen. Heterogeneity in the results could not be observed graphically nor statistically
(chi squared = 3.38 on 3 degrees of freedom, p = 0.34; I squared = 11%).
Fluoride gel plus toothpaste versus gel alone
Three trials (Mainwaring 1978; Marthaler 1970; Marthaler 1970a) compared fluoride toothpaste in
combination with fluoride gel versus gel alone (n = 759). The D(M)FS prevented fi-action pooled
estimate from the random effects meta-analysis o f the three trials combined was O.IO (95% Cl, 0.01 to 0.21; p = 0.06), a just non-significant effect in favour o f the combined regimen.
Heterogeneity in the results could not be observed graphically nor statistically (chi squared = 0.17
on 2 degrees o f freedom, p = 0.92; I squared = 0%).
Fluoride varnish plus toothpaste versus varnish alone
The single trial (Petersson 1985) comparing fluoride vamish combined with fluoride toothpaste
versus vamish alone (n = 186) assessed the relative effect in terms o f caries increment in deciduous
surfaces only and provided no standard deviations or data from which these could be derived. It
reported a dfs PF o f 0.19 in favour o f the combined therapy (Cl not obtainable).

EFFECT ON OTHER OUTCOMES
Data for unacceptability o f treatment were reported in six trials that reported dropouts fully. Each
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o f the six trials reported equivocal results for this outcome, i.e. no demonstrated differential effect.
Meta-analysis results for these are described below.
(1) Fluoride toothpaste plus any TFT versus toothpaste alone
The pooled estimate (random effects meta-analysis) o f the relative risk (RR) o f dropping out from
the fluoride toothpaste group as opposed to the group where other fluoride treatment is in
combination with toothpaste in the five trials that reported dropouts was 1.06 (95% Cl, 0.96 to
1.21), a non-significant effect (p = 0.37) slightly in favour o f fluoride toothpaste. Heterogeneity
was not detected in these results (chi squared = 2.66 on 4 degrees o f freedom, p = 0.62; I squared
= 0%). Using alternative measures o f effect has given similar results (OR 1.09, Cl 0.88 to 1.34; RD
0.00, Cl -0.03 to 0.03).
Fluoride toothpaste plus mouthrinse versus toothpaste alone
The pooled estimate (random effects meta-analysis) o f the relative risk (RR) o f dropping out from
the fluoride toothpaste group as opposed to the combined mouthrinse-toothpaste arm in the three
trials (Axelsson 1987; Blinkhorn 1983; Ringeiberg 1979) that reported dropouts was 1.03 (95%
Cl, 0.84 to 1.26). Heterogeneity was not detected in these results (chi squared = 2.15 on 2 degrees
o f freedom, p = 0.34), and the amount present was negligible (I squared = 8%). Using alternative
measures o f effect has given similar results (OR 1.02, Cl 0.74 to 1.40; RD 0.00, Cl -0.05 to 0.05).
Fluoride toothpaste plus varnish versus toothpaste alone
The pooled estimate (random effects meta-analysis) of the relative risk (RR) o f dropping out from
the fluoride toothpaste group as opposed to the combined vamish-toothpaste arm in the two trials
(Axelsson 1987a; Petersson 1985) that reported dropouts was 1.29 (95% Cl, 0.61 to 2.71).
Heterogeneity was not detected in these results (chi squared = 0.24 on 1 degree o f freedom, p =
0.62; I squared = 0%). Using alternative measures of effect has given similar results (OR 1.31, Cl
0.57 to 3.05; RD 0.01, Cl -0.05 to 0.06).
(2) Other combinations of topical fluorides tested against any single modality
Fluoride mouthrinse plus toothpaste versus mouthrinse alone
Pooled estimates o f the relative risk (RR) of dropping out from the fluoride toothpaste group as
opposed to the combined TFT arm could be obtained for the three trials comparing fluoride
mouthrinse plus toothpaste versus mouthrinse alone. Results are again consistent with no
difference in effect: 0.88 (95% Cl, 0.67 to 1.17), and heterogeneity is low (I squared = 24%).

Discussion
Topical fluorides in the form o f toothpastes, mouthrinses, varnishes and gels are effective caries
preventive interventions. The effectiveness o f each o f these has been fully assessed in four previous
systematic reviews in this series (Marinho 2002; Marinho 2002a; Marinho 2003; Marinho 2003a).
In these and in a subsequent review which compiles the evidence from the previous four and
exploits power with additional investigation o f covariates across all TFTs, we found no evidence
that the effect o f topical fluorides was dependent on background exposure to fluoridated water
(Marinho 2003b). The main question addressed by this review is how effective the simultaneous
use of combined topical fluoride therapy (TFT) for the prevention o f caries in children is compared
to one topical fluoride treatment used alone. The 11 studies included in the seven meta-analyses (or
in the nine comparisons) have not tested all combinations o f possible practical value, and there is a
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small number o f trials in each relevant comparison/meta-analysis. However, the randomized
evidence that we have brought together is, as far as we can ensure, the totality o f the available
randomized evidence comparing the combined use o f any two topical fluoride modalities with one
of them used alone. Although there is a suggestion of a modest caries inhibiting effect with the
combined use o f topical fluorides in the permanent dentition for most o f the comparisons, a general
lack o f statistical significance is apparent. Further, in a few comparisons, the confidence intervals
are relatively wide and the variation among the results o f the studies can be substantial. This calls
for a cautious interpretation of the data.
Thus, for the primary objective of the review, there is evidence showing that simultaneous use of a
topical fluoride treatment with fluoride toothpaste results in an enhanced caries inhibiting effect
compared with the use o f toothpaste alone. Over 4000 children were included in the trials, and for
the majority o f children the combined topical fluoride regimen they used at the same time was
toothpaste and mouthrinse, followed by toothpaste and gel, and toothpaste and vamish. The
random effects meta-analysis of the nine studies assessing the effect o f fluoride mouthrinses, gels or
varnishes used in combination with fluoride toothpaste on the permanent dentition suggests that
their combined use is associated on average with a 10% (95% Cl, 2% to 17%) reduction in
decayed, missing and filled tooth surfaces. It may be noted that whilst there is evidence that
additional caries protection accrues from their combined use, the size o f the estimated benefit, of
the order o f 10%, is not substantial. As to the practical value o f the combined regimens tested
against fluoride toothpaste alone, the caries reduction would correspond to a number needed to
treat (NNT) of 4 to avoid one decayed, filled or missing tooth surface (DMFS) per year in a child
population with a caries increment of 2.5 D(M)FS per year (at the highest range o f toothpaste
group rates for included studies), or an NNT o f 13 for children from a population with a caries
increment o f 0.8 D(M)FS per year (at the lowest end o f the observed range). There was only one
trial assessing the effect o f the combined use o f topical fluorides with toothpaste on the deciduous
dentition. This compared vamish plus toothpaste versus toothpaste alone only and suggests a 15%
reduction in decayed and filled tooth surfaces in favour o f the combined therapy, but it is unclear
whether the effect was significant.
To what extent statistically significant caries reductions in the order o f 10% should be considered
important? Some authorities have advocated the use o f arbitrary thresholds that indirectly define
clinical significance for anticaries products. For example, the American Dental Association
produced guidelines proposing that a toothpaste cannot be claimed to be superior to another unless
it provides a 10% difference in effect (just the size o f the difference for the simultaneous use of
TFT and fluoride toothpaste in this review) (CDT-ADA 1988). The trials in a review may give a
power calculation that specifies the size of effect the trialists considered to be important, which
may be preferred to the use o f arbitrary thresholds. In this review this was provided in the trial by
Blinkhorn 1983, which had an 80% power to detect a 25% difference between the combined TFT
group (toothpaste and mouthrinse in this trial) and the fluoride toothpaste group. Taking this as the
clinically important difference indicates that the combined use o f toothpaste with other TFTs had
no greater effect than toothpaste used alone.
A secondary objective o f this review was to examine whether there was a beneficial effect in terms
o f caries prevention from the addition o f each TFT modality to toothpaste separately compared to
toothpaste alone or from the combined use o f any other two TFT modalities separately compared
to one o f them alone. We were unable to detect a clear differential effect from all but two o f the
seven available comparisons.
Thus, a differential treatment effect for each relevant subset in the main meta-analysis, which
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assessed the effect of fluoride gel plus toothpaste and toothpaste alone and o f fluoride mouthrinse
plus toothpaste and toothpaste alone on the permanent dentition, could not be clearly detected,
whereas the evidence from one single small trial, which was not carried out double-blind, o f a
significant differential effect in caries reduction favouring the combined use o f fluoride vamish and
toothpaste over fluoride toothpaste alone should be viewed with caution, as this is far from
definite.
Turning to the combined use of gels or mouthrinses with toothpaste when compared with gels or
mouthrinses used alone respectively the general observation is that there is indication o f an
increased benefit with the use of the combined topical fluoride regimens, although, again, results
are not conclusive and the magnitude o f any possible differential effect seems to be small.
Among the other relevant combined regimens analysed there is evidence of an increased benefit
with the use o f fluoride gel and mouthrinse compared to fluoride gel alone, and no suggestion of a
significant beneficial effect with the use of fluoride mouthrinse and gel compared to mouthrinse
alone. This finding may in fact indirectly suggest that larger caries reductions may be achieved with
fluoride mouthrinse used singly, as opposed to the single use o f fluoride gel.
As regards the acceptance of combinations o f topical fluoride treatments, as measured by the
proportion o f children dropping out from the trials, there is no suggestion o f significant differences
in effect. We found little useful information about the effects o f combined topical fluorides on other
clinically important outcomes such as caries incidence in the deciduous dentition, and on outcomes
such as the proportion o f children remaining caries-free. We also found no useful information on
adverse effects such as fluorosis, oral allergic reactions, or tooth staining. This lack o f evidence
about adverse effects makes it more difficult for clinicians and policy makers to weigh the benefits
of using topical fluorides in different combinations that appeared to be effective for the prevention
o f caries in children against possible shortcomings of the combined procedures. In general, even
with additional caries protection accruing from some o f the combined preventive regimens, the
additional cariostatic effect may be slight and not worth the extra effort with the use o f a second
intervention.
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Reviewers' conclusions
Implications for practice
This review has found that compared with fluoride toothpaste used alone, topical fluorides
(mouthrinses, gels, or varnishes) used in addition to fluoride toothpaste reduce caries by 10% on
average. In terms o f acceptability, there is no suggestion o f differences in effect between topical
fluorides used in combination and fluoride toothpaste used alone. Because the size o f the effect is
relatively small and as none of the trials consistently compared other important outcomes such as
possible side effects from the combined use o f topical fluorides and toothpaste, it is not possible to
make a clear recommendation on superiority. As for all other combined regimens tested separately
against one single topical fluoride, there is an indication that the additional cariostatic effects that
may accrue from the combined topical fluorides are slight, and most results are not significant.

Implications for research
There is a general lack o f randomized trial evidence evaluating the use o f different combinations of
topical fluorides for the prevention of dental caries in children, and, therefore, a modest treatment
effect may have been missed for most relevant comparisons. However, the lack o f a clear
suggestion o f significant benefits from the data analysed in the majority of the comparisons may not
indicate priority for the performance of new studies.
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A llo c a t io n

concealment

Study ID

Methods

Participants

Interventions

Outcomes

Notes

Arcieri 1988

Stratified quasi-random
allocation; blind caries
assessment stated but unclear
(C); non-placebo-controlled;
28.5% drop out after 2 years
(study duration = 2 years).
Reason(s) for attrition NR;
no differential group losses.

246 children analysed at 2
years (available at final
examination).
Age range at start: 7-11
years.
Surfaces affected at start: 4.5
DMFS.
Exposure to other fluoride:
water.
Y ear study began: 1983.
Location: Brazil.

F G v s FG+FR

2yDMFS increment.
Reported at 1 and 2 years
follow ups.

Participants randomized (N =
344).
Baseline characteristics
(dental age, DMFS)
'balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold NR; state o f tooth
eruption included NR;
diagnostic errors NR.

C

Participants randomized
(numbers for rele\an t groups
NR).
Baseline characteristics (age,
DFS, DMFS, DMFT)
"balanced".
Clinical (V) caries
assessment by one exam iner
(FOTI used); diagnostic
threshold = NCA.
Radiographic assessment
(postBW) by one examiner;
diagnostic threshold = ER.
State of tooth eruption
included = E/U.
Intra-exam iner
reproducibilit)' checks for

B

Ashley 1977

Stratified random allocation;
double-blind (A);
placebo-controlled; 12% drop
out (for all study groups
combined) after 2 years
(study duration = 2 years).
N atural losses; any
differential group losses not
assessable.

514 children analysed at 2
years (available at final
examination).
Average age at start: 12
years.
Surfaces affected at start: 9.1
DFS.
Exposure to other fluoride:
no.
Year study began: 1973.
Location: UK.

FG = APF 12,300 ppm F.
Operator-applied, with
cotton-paint, twice a year
(prior toothcleaning with
fluoride-free paste
performed).

Drop out

FR = NaF 900 ppm F.
School
mouthrinsing/supervised,
weekly (approximately 35
sessions in 2 years).

Side effects (incomplete
data).

FR+PLT vs FR+FT vs
FT+PLR

2yNetDFS increment (E+U)(NCA)cl+(ER)xr.
Reported at 2 years follow
up.

FR = NaF 100 ppm F.
School
mouthrinsing/supervised,
daily, 20 ml applied for 1
m in (after toothbrushing with
appropriate toothpaste at
school).
FT = SMFP 1000 ppm F.
School
toothbrushing/superviscd,
daily, I g applied for 1 min
(followed by mouthrinsing
with appropriate solution);

Review Manager 4,2.2

Proportion of children
rem aining caries-free.

PF-DFS.
MD-BL-DFS.
MD-DFS.
DFS (U).
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incremental caries data (icc
for clinical 0.95, for
radiographic 0.8); reversal
rate beween 12% and 7% of
observ ed DFS increment in
study groups.

non-fluoride toothpaste
provided to all for home use.
Abrasive s>stem: IMP (main
abrasi\e).

Axelsson 1987

Random allocation;
double-blind (A);
placebo-controlled; 16% drop
out after 3 years (study
duration = 3 years).
Reasons for attrition
described with respective
total numbers by group; no
differential group losses.

143 children analysed at 3
years (available at final
examination).
Age range at start: 13-14
years.
Surfaces affected at start:
relevant data NR.
Exposure to other fluoride:
no.
Year study began: 1977.
Location: Sweden.

FR+PLT vs FR+FT vs
FT+PLR
FR = NaF 230 ppm F.
School
m outhrinsing/supenised,
weekly.
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3)postM D-DS increment (ER)xr.
Reported at 3 years follow
up.
Caries progression.
Drop out.

FT = NaF 1000 ppm F.
Home
toothbrushing/unsuper\ised,
daily frequency assumed
(instructed to brush tw ice a
day).
Abrasive s\stem : silica.

Participants randomized (N =
170).
Baseline characteristics (DS)
^balanced'.
Radiographic assessment (4
postBW) by two examiners;
diagnostic threshold = ER.
State of tooth eruption
included NR. Exam iner
reproducibilit) checks for
increm ental caries data
performed ('consistence' of
duplicate examination
reached 94% for scores 1&2
combined').

B

Participants randomized (N =
113).
Baseline characteristics (DS)
•balanced'.
Radiographic assessment (4
postBW) by two examiners;
diagnostic threshold = ER.
State of tooth eruption
included NR. Exam iner

B

FV (Fluor Protector®) = NaF
7000 ppm F.
Applied 4 times a year.
Axelsson 1987a

Review Manager 4.2.2

Random allocation;
single-blind (B);
placebo-controlled; 15% drop
out after 3 years (study
duration = 3 years).
Reasons for attrition
described w ith respective
total num bers by group; no
differential group losses.

96 children analysed at 3
years (available at final
examination).
Age range at start: 13-14
years.
Surfaces affected at start:
relevant data NR.
Exposure to other fluoride:
no.

FT+PLR* vs FT+FV
FT = NaF 1000 ppm F.
Home
toothbrushing/unsupcnised,
daily frequency assumed
(instructed to brush twice a
day).
Abrasive system: silica.

3>-postMD-DS increment (ER)xr.
Reported at 3 years follow
up.
Caries progression.
Drop out.
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Year study began: 1977.
Location: Sweden.

Blinkhorn 1983

Stratified random allocation;
double-blind (A);
placebo-controlled; 9% drop
out after 3 years (study
duration = 3 years).
Reasons for attrition
described with respective
total numbers; no differential
group losses.

567 children analysed at 3
years (available at final
examination).
Age range at start: 11-12
years.
Surfaces affected at start: 8.4
DMFS.
Exposure to other fluoride:
no.
Year study began: 1972.
Location: UK.

FR = NaF 230 ppm F.
School
m outhrinsing/super\ ised,
daily, for 0.5 min (after
toothbrushing with
appropriate toothpaste at
school).
FT = SMFP 1000 ppm F.
School
toothbrushing/supen ised,
daily, for 1 min (followed by
mouthrinsing with
appropriate solution);
appropriate toothpaste
pro\ided for home use.
Abrash e s> stem: IMP (main
abrasive).

DePaola 1980

Review M anager 4.2.2

Random allocation;
double-blind (A);
placebo-controlled; drop out
rate N R n or obtainable (study
duration = 2 years + 1 year

380 children analysed at 1*
year (after exclusions,
present for entire study
period).
Age range at start: 12-14

reproducibilit) checks for
incremental caries data
performed ('consistenc) of
duplicate examination
reached 94% for scores 1&2
combined').
*FT+PLR is the same group
as in Axelsson 1987

FV (Fluor Prelector®) - NaF
7000 ppm F.
Applied 4 times a year.

FR+PLT vs FR+FT vs
FT+PLR

FG+PLR vs FG+FR vs
FR+PLG
FG = APF 12,300 ppm F.
Self-applied under
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3yNetDFS increment (E+U)(CA)cl+(DR)xr.
Reported at 3 years follow
up.
PF-DFS.
MD-BL-DFS.
MD-DFS.
postMD-DFS.
DM FT (E/U).
anterior DMFT.
posterior DMFT.
DFS (U).
Drop out.

ly*NctDFS increment (CA)cl+xr.
Reported at 1 and 2 years
follow ups (and 1 year
post-treatment).

Participants randomized (N =
621).
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 o f tooth eruption
included = E/U.
Intra-exam iner
reproducibilit)' checks for
increm ental clinical and
radiographic caries data in
10% sample (icc score 0.9).

B

Participants randomized
(num bers NR).
Baseline characteristics (age,
dental age, DFS) described as
'balanced' (values NR)

B
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post-study period).
Exclusions based on
compliance and presence in
all follow-up examinations;
any differential group losses
not assessable.

years (average = 13).
Surfaces affected at start;
NR.
Exposure to other fluoride:
toothpaste assumed.
Year study began: in/before
1977.
Location: USA.

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.

1402 children analysed at 3
years (available at final
examination).
Age range at start. 11-12
years.
Surfaces affected at start: 8
DFS.
Exposure to other fluoride:
no.
Y ear study began: in/befbre
1974.
Location: UK.

Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA; state of tooth
eruption included NR.
Radiographic assessment (2
postBW) by two examiners
(diagnostic threshold NR);
diagnostic errors NR.
♦Intervention (gel) applied
during 1st year of study only
(thus, final 2 years results not
considered).

supervision at school, with
tray, 10 consecutive
applications (days) in 1st
year, applied for 5 minutes.
FR = NaF 230 ppm F.
School use/supervised, daily,
10 ml applied for 1 min.

FG+PLT vs FG+FT vs
FT+PLG (2 groups)
FG = APF 12,300 ppm F.
Operator-applied, m th tray,
twice a year, applied for 4
minutes (prior toothbrushing
with non-fluoride toothpaste
performed).

3yNet/CrudeDFS increment
(CA)(E)cl+(ER)xr.
Reported at 3 years follow
up.
PF-DFS cl.
postMD-DFS xr.
DFS (U) cl+xr.
CIR.

FT1&FT2 = SMFP 1000
ppm F (but of different
flavours).
Home use/unsuper\ ised, for 1
min, daily frequencj'
assumed.
Abrasive s>stem: Ca
carbonate.
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Participants randomized
(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 exam iner; diagnostic
threshold = ER.
Intra-exam iner
reproducibilit) checks for
DFS in 10% sam ple (icc for
VT/XR over 0.95); error
variance less than 5% of
total variance; reversal rate
less than 4% o f observed
DFS increm ent in all groups.

B
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M arthaler 1970

M arthaler 1970a
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Random allocation;
indication o f 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 o f
orthodontic bands and
presence in all follow-up
examinations; any
differential group losses not
assessable.

Random allocation;
indication o f 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 o f
orthodontic bands, and
presence in all follow-up
examinations; any
differential group losses not
assessable.

144 children analysed at 3
years (present for all
examinations).
Age range at start; 6-7 years.
Surfaces affected: 1 DMFS.
Exposure to other fluoride:
salt.
Year study began: 1966.
Location: Switzerland.

FG+PLT vs FG+FT vs
FT+PLG
FG = AmF/NaF 12,500 ppm
F.
Self-applied under
supervision at school, with
toothbrush, 20 times a year,
Ig applied for 6 minutes.

3yNetDFS increment (CA)cl+(DR)xr.
Reported at 1 and 3 years
follow ups.
IstmPF-DFS.
IstmMD-DFS.

FT = AmF 1250 ppm F.
Home use/unsuper\ised,
twice/three times a day/680
times a year estimated.
A brashe sjstem : IMP.

70 children analysed at 2&4*
years (present for all
examinations).
Age range at start: 7-9 years.
Surfaces affected: 1.9 DMFS.
Exposure to other fluoride:
salt.
Year study began: 1966.
Location: Switzerland.

FG+PLT vs FG+FT vs
FT+PLG
FG = AmF/NaF 12,500 ppm
F.
Self-applied under
supervision at school, with
toothbrush, 22 times a >ear,
Ig applied for 6 minutes.
FT = AmF 1250 ppm F.
Home use/unsupenised,
twice/three times a day/800
times a year estimated.
Abrasive system: IMP.

2y*NetDFS increm ent (CA)cl+(DR)xr.
Reported at 2 and 4 years
follow ups.
IstmPF-DFS (CA) cl.
IstmMD-DFS (DR) xr.
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Participants randomized
(numbers for relevant groups
NR).
Baseline characteristics (age,
DFMS, IstmDMFS)
'balanced'.
Clinical (V) caries
assessment by tw o
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
agreem ent o f the tw o
exam iners know n from
earlier work'.

B

Participants randomized
(num bers for relevant groups
NR).
Baseline characteristics (age,
DMFS, IstmDM FS)
'balanced'.
Clinical (V) caries
assessment by two
exam iners; diagnostic
threshold = CA and NCA;
state o f tooth eruption
included NR. Radiographic
assessm ent (2 postBW) by
two examiners; diagnostic
threshold = DR and ER;

B
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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).
Petersson 1985

Quasi-random allocation;
single-blind (B);
non-placebo-controlled; 5%
drop out after 2 years (study
duration = 2 years).
Reason(s) for attrition NR;
no differential group losses.

271 children analysed at 2
years (present for entire trial
period).
Average age at start: 3 years.
Surfaces affected at start: 0.9
dfs (data from original
sample only).
Exposure to other fluoride:
none assumed.
Year study began: 1978.
Location: S\\eden.

FV+PLT vs F V + F T \ s FT
alone
FV (Duraphat®) = NaF
22,600 ppm F.
Applied twice a year.
FT = NaF 250 ppm F.
Home use/unsuper\ised,
daily frequenc) assumed.

2ydfs increment - (E)
(CA)cl+(DR)xr
Reported at 2 years follow
up.
O-defs.
MD-defs.
BL-defs.
Proportion o f children with
one or more new defs (at CA
level).

Participants randomized (N =
285).
Baseline characteristics (dfs)
•balanced'.
Clinical (VT) caries
assessment by two
examiners; diagnostic
threshold = CA; radiographic
assessment (2 postBW) by
two examiners; diagnostic
threshold = DR. Diagnostic
errors NR.

C

Participants randomized (N =
1760).
Baseline characteristics
(DMFS, DMFT) "balanced'.
Clinical (VT) caries
assessment by two
examiners, diagnostic
threshold = CA.
Radiographic assessment (5
BW) by two examiners;
diagnostic tlireshold = DR.
State of tooth eruption
included NR. Reversal rate
between 4 and 9% of

B

Drop out.
Ringeiberg 1979

Review Manager 4.2,2

Stratified random allocation;
double-blind (A);
placebo-controlled; 40% drop
out after 2.5 years (study
duration = 2.5 years).
Reason(s) for attrition NR;
no differential group losses.

1059 children analysed at 2.5
years (a^ ailable at final
examination).
Average age at start: 11
years.
Surfaces affected at start: 4.3
DMFS.
Exposure to other fluoride:
no.
Year study began: 1973.
Location: USA.

FR+PLT (2 groups) vs
FR+FT (2 groups) \ s
FT+PLR (2 groups)
F R l = AmF 250 ppm F, FR2
= NaF 250 ppm F.
School use/super\ ised, daily,
10 ml applied for 1 min.
F T l = AmF 1250 ppm F,
FT2 = SnF2 1000 ppm F.
Home use/unsuper\ised,
daily ffequenc>^ assumed.
Abrasive s)stem: Ca

2.5yNetDMFS increm ent (CA)cl + (DR)xr.
Reported at 2.5 years follow
up.
DMFT.
Stain score.
Drop out.
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pyrophosphate in SnF2
toothpaste, NR for AmF
toothpaste.
Triol 1980

Stratified random allocation;
double-blind (A);
placebo-controlled; 20% drop
out after 2.5 years (stud)'
duration = 2.5 years). Natural
losses; any differential group
losses not assessable.

1054 children analysed at 2.5
years (available at all
examinations).
Age range at start: 10-13
years (average = 11.5).
Surfaces affected at start: 9.9
DFS.
Exposure to other fluoride:
toothpaste assumed.
Y ear study began: in/before
1977.
Location: USA.
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obser\ ed caries increment in
the groups.

2.5yDMFS increment - cl+xr. Participants randomized (N=
Reported at 1.5 and 2.5 years 1320); numbers by group
NR.
follow ups.
Baseline characteristics (age,
F R l = NaF 110 ppm F, FR2
SAR, DFS, D, F, TAR, DFT)
MD-DMFS
= NaF 230 ppm F, FR3 =
"balanced' (DMFS baseline
DMFT
NaF 450 ppm F.
data NR).
School
Drop out (no data by group). Clinical (VT) caries
mouthrinsing/super\ised,
assessment; diagnostic
daily, 7.5 ml applied for 0.5
threshold NR; state of tooth
min (after toothbrushing with
eruption included NR.
fluoride toothpaste at school).
Radiographic assessment (2
postBW); diagnostic
FT = SMFP 1000 ppm F (in
threshold NR; diagnostic
all groups).
errors NR.
School
toothbrushing/supervised,
daily, Ig applied for 1 min
(followed by water rinse and
mouthrinsing with
appropriate solution);
Fluoride toothpaste provided
to all for home use.
Abrasive s)stem: IMP (main
abrasive).
FT+PLR vs FR+FT (3
groups)

B

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 o f 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).
Istm = first permanent molar; AmF amine fluoride; APF acidulated phosphate fluoride; BW
=

Review Manager 4.2.2

=
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bite-wing x-ray assessment; Ca calcium; Ca carbonate CaC03; CA lesions showing loss
o f enamel continuity that can be recorded clinically (undermined enamel, softenedfloor walls) or
showingfrank cavitation; CAR caries attack rate; CIR = caries incidence rate; cl = clinical
examination; d(e)ft/s decayed, (extracted) andfilled deciduous teeth or surface; dmfi/s =
decayed, missing (or extracted) and filled deciduous teeth or surface; D(M)FS/T decayed,
(missing ) andfilled permanent surfaces or teeth; DR = radiolucency into dentin; E teeth
erupted at baseline; ER = any radiolucency in enamel/enamel-dentin junction; F ^fluoride; FG
^fluoride gel; FR = fluoride mouthrinse; FT = fluoride toothpaste; FV fluoride varnish; 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; NCA non-cavitated enamel lesions visible as white spots
or discolouredfissures; NR = not reported; NS not significant; NT no treatment control; O
occlusal surfaces; PF pit andfissure surfaces; PL placebo; postBW posterior bite-wing
x-ray assessment; ppm F = parts per million o f fluoride; ptc prior tooth-cleaning performed
with or without a non-fluoride paste; Silica silicon dioxide (Si02); SMFP = sodium
monofluorophosphate; SnF2 stannous fluoride; U teeth unerupted at baseline; VT
visual-tactile assessment; xr radiographic examination.
=

=

=

=

=

=

=

^

=

^

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

=

Review Manager 4.2.2

26 09 Q003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

34

Characteristics of excluded studies
Study ID

Reason for exclusion

B ohannan 1985

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.
(FR plus FG vs FR)

Louw 1995

Random or quasi-random allocation not stated or indicated. Blind
outcome assessment not stated or indicated.
(FR plus FT vs FR)

Wilson 1978

Random or quasi-random allocation not stated.
(FR plus FT vs FR; FT plus FR vs FT)

FG = fluoride gel; FR = fluoride mouthrinse; FT = fluoride toothpaste; FV ^fluoride varnish
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26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

35

References to studies
Included studies
Arcieri 1988

{published data only}

* Arcieri RM, Carvalho M-d-L, Goncalves LM, de Almeida HA, Marra EM, Ferreira AL. Reducao
da carie dentaria apos dois anos da associacao de bochechos e aplicacoes topicas com fluor
[Reduction o f dental caries after two years with a combination o f mouthwashes and topical
fluorides]. Revista do Centro de Ciencias Biomedicas da Universidade Federal de Uberlandia
1988;4:58-65.
Arcieri RM, de Lourdes Carvalho M, Goncalves LM, Afonso de Almeida H, Pereira AL, de Oliveira
EM. Incidencia de carie dentaria em escolares apos aplicacoes topicas de fluor fosfato acidulado
precedida ou nao de bochechos fluoretados; estudo comparativo [Incidence o f dental caries in
students after topical application of acidulated phosphate fluoride with or without fluoride
mouthwashes; comparative study]. Revista do Centro de Ciencias Biomedicas da Universidade
Federal de Uberlandia 1985;1:43-9.

Ashley 1977

(published data only}

Ashley FP, Mainwaring PJ, Emslie RD, Naylor MN. Clinical testing o f a mouthrinse and a dentifrice
containing fluoride. A two-year supervised study in school children. British Dental Journal
1977;143:333-8.

Axelsson 1987

(published data only}

Axelsson P, Paulander J, Nordkvist K, Karlsson R. Effect o f fluoride containing dentifrice,
mouthrinsing, and varnish on approximal dental caries in a 3-year clinical trial. Community Dentistry
and Oral Epidemiology 1987;15:177-80.

Axelsson 1987a

(published data only}

Axelsson P, Paulander J, Nordkvist K, Karlsson R. Effect o f fluoride containing dentifrice,
mouthrinsing, and varnish on approximal dental caries in a 3-year clinical trial. Community Dentistry
and Oral Epidemiology 1987;15:177-80.

Blinkhorn 1983

(published and unpublished data}

Blinkhom AS, Holloway PJ, Davies TG. Combined effects o f a fluoride dentifrice and mouthrinse
on the incidence o f dental caries. Community Dentistry and Oral Epidemiology 1983;11:7-11.

DePaola 1980

(unpublished data sought but not used}

* DePaola PF, Soparkar M, Van Leeuwen M, DeVelis R. The anticaries effect o f single and
combined topical fluoride systems in school children. Archives o f Oral Biology 1980;25:649-53.
Lu KH, Porter DR, Pickles TH. Separate and combined cariostatic effects o f fluoride gel and rinse

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

36

[abstract No 239]. Journal of Dental Research 1980;59:947.

Mainwaring 1978

{published data only}

Mainwaring PJ, Naylor MN. A three-year clinical study to determine the separate and combined
caries-inhibiting effects o f sodium monofluorophosphate toothpaste and an acidulated
phosphate-fluoride gel. Caries Research 1978;12:202-12.

Marthaler 1970

(published data only)

Marthaler TM, Konig KG, Muhlemann HR. The effect o f a fluoride gel used for supervised
toothbrushing 15 or 30 times per year. Helvetica Odontologica Acta 1970;14:67-77.

Marthaler 1970a

(published data only)

Marthaler TM, Konig KG, Muhlemann HR. The effect o f a fluoride gel used for supervised
toothbrushing 15 or 30 times per year. Helvetica Odontologica Acta 1970;14:67-77.

Petersson 1985

(published data only}

Petersson LG, Koch G, Rasmusson CG, Stanke H. Effect on caries o f different fluoride prophylactic
programs in preschool children. A two year clinical study. Swedish Dental Journal 1985;9:97-104.

Ringeiberg 1979

(published data only}

Ringeiberg ML, W ebster DB Effects of an amine fluoride mouthrinse and dentifrice on the gingival
health and the extent o f plaque of school children. Journal o f Periodontology 1977;48:350-3.
Ringeiberg ML, W ebster DB, Dixon DO. Effects o f an amine fluoride dentifrice and mouthrinse on
the dental caries o f school children after 18 months. Journal o f Preventive Dentistry 1978;5:26-30.
Ringeiberg ML, W ebster DB, Dixon DO, Fairchild S, Driscoll WS. Results o f gingival, plaque, and
stain assessments after 30 months use of amine fluorides and their inorganic counterparts.
Pharmacology and Therapeutics in Dentistry 1979;4:27-31.
* Ringeiberg ML, Webster DB, Dixon DO, LeZotte DC. The caries-preventive effect o f amine
fluorides and inorganic fluorides in a mouthrinse or dentifrice after 30 months o f use. Journal o f the
American Dental Association 1979;98:202-8.

Triol 1980

(unpublished data sought but not used}

Triol CW, kranz SM, Volpe AR, Frankl SN, Alman JE, Allard RL. Anticaries effect of a sodium
fluoride rinse and a MFP dentifrice in a nonfluoridated water area: a thirty-month study. J Clinical
Preventive Dentistry 1980;2:13-5.

Excluded studies
Bohannan 1985

(published data only}

Bell RM, Klein SP, Bohannan HM, Disney JA, Graves RC, Madson R. Treatment effects in the

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

37

national preventive dentistry demonstration program. Santa Monica (CA); The Rand Corporation;
1984. Report No. R-3072-RWJ.
* Bohannan HM, Klein SP, Disney JA, Bell RM, Graves RC, Foch CB. A summary o f the results of
the National Preventive Dentistry Demonstration Program. Journal o f the Canadian Dental
Association 1985;51:435-41.
Klein SP, Bohannan HM, Bell RM, Disney JA, Foch CB, Graves RC. The cost and effectiveness of
school-based preventive dental care. American Journal o f Public Health 1985;75:382-91.
Preventing tooth decay: results from a four-year national study. Princetown (NJ): The Robert Wood
Johnson Foundation; 1983. Special Report No. 2.

Louw 1995

{published data only}

Louw AJ, Carstens IL, Hartshome JE, Blignaut RJ. Effectiveness o f two school-based caries
preventive programmes. Journal of the Dental Association o f South Africa 1995;50:43-9.

Wilson 1978

(unpublished data sought but not used}

Wilson CJ, Triol CW, Volpe AR. The clinical anticaries effect of a fluoride dentifrice and
mouthrinse [abstract]. Journal of Dental Research 1978;57:276.

Studies awaiting assessment
Torell 1969

(published data only}

Torell P. Bruk av fluortandkram i samband med fluorskoljning varannan vecka [The use o f fluoride
toothpaste combined with fluoride rinsing every two weeks]. Sver Tandlakarforb Tidningen
1969;61:873-5.
*

indicates the primary reference for the study

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

38

Other references
Additional references
Burt 1998
Burt BA. Prevention policies in the light of the changed distribution o f dental caries. Acta
Odontologica Scandinavica 1998;56:179-86.

CDT-ADA 1988
Council on Dental Therapeutics. Report of workshop aimed at defining guidelines for caries clinical
trials: superiority and equivalency claims for anticaries dentifrices. Journal o f the American Dental
Association 1988;117:663-5.

Chen 1995
Chen MS. Oral health o f disadvantaged populations. In: Cohen LK, Gift CH, editor(s). Disease
Prevention and Oral Health Promotion. Copenhagen: Munksgaard, 1995:152-212.

Clarke 2000
Clarke M, Oxman AD, editors. Assessment of study quality. Cochrane Reviewers' Handbook 4.1
[updated June 2000]; Section 6. In: Review Manager (RevMan) [Computer program]. Version 4.1.
Oxford, England: The Cochrane Collaboration, 2000.

Downer 1995
Downer MC. The 1993 national survey of children's dental health. British Dental Journal
1995;178:407-12.

Dubey 1965
Dubey SD, LehnhofFRW, Radike AW. A statistical confidence interval for true per cent reduction in
caries-incidence studies. Journal o f Dental Research 1965;44:921-23.

Egger 1997
Egger M, Davey-Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple
graphical test. British Medical Journal 1997;315(7109):629-34.

Featherstone 1988
Featherstone JDB, Ten Cate JM. Physicochemical aspects o f fluoride-enamel interactions. In:
Ekstrand J, Fejerskov O, Silverstone LM, editor(s). Fluoride in Dentistry. Copenhagen: Munksgaard,
1988:125-49.

Glass 1982
Glass RL. The first international conference on the declining prevalence o f dental caries. Journal of

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

39

Dental Research 1982;61:1301-83.

Horowitz 1980
Horowitz HS. Combinations of caries preventive agents and procedures. Journal o f Dental Research
1980;59:2183-9.

Marinho 1997
Marinho VC. A systematic review of the effectiveness o f topical fluoride therapy in the prevention of
dental caries in children and adolescents [dissertation]. London: University o f London 1997.

Marinho 2002
Marinho VCC, Higgins J, Logan S, Sheiham A. Fluoride gels for preventing dental caries in children
and adolescents. In: The Cochrane Library, Issue 2, 2002. Oxford: Update Software.

Marinho 2002a
Marinho VCC, Higgins J, Logan S, Sheiham A. Fluoride varnishes for preventing dental caries in
children and adolescents. In: The Cochrane Library, Issue 3, 2002. Oxford: Update Software.

Marinho 2003
Marinho VCC, Higgins J, Sheiham A, Logan S. Fluoride toothpastes for preventing dental caries in
children and adolescents. In: The Cochrane Library, Issue 1, 2003. Oxford: Update Software.

Marinho 2003a
Marinho VCC, Higgins J, Logan S, Sheiham A. Fluoride mouthrinses for preventing dental caries in
children and adolescents. In: The Cochrane Library, Issue 3, 2003. Oxford: Update Software.

Marinho 2003b
Marinho VCC, Higgins J, Logan S, Sheiham A. Topical fluoride (toothpastes, mouthrinses, gels or
varnishes) for preventing dental caries in children and adolescents. In: The Coclirane Library, Issue
4, 2003. Oxford: Update Software.

Marthaler 1971
Marthaler TM. Confidence limits o f results of clinical caries tests with fluoride administration. Caries
Research 1971;5:343-72.

Marthaler 1990
Marthaler TM. Cariostatic efficacy o f the combined use o f fluorides. Journal o f Dental Research
1990;69 Spec No:797-800.

Marthaler 1994
Marthaler TM, Steiner M, Menghini G, Bandi A. Caries prevalence in Switzerland. International

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

40

Dental Journal 1994;44:393-401.

Marthaler 1996
Marthaler TM, O'Mullane DM, Vrbic V. The prevalence o f dental caries in Europe 1990-1995.
ORCA Saturday afternoon symposium 1995. Caries Research 1996;30:237-55.

Moynihan 1996
Moynihan PJ, Holt RD. The national diet and nutrition survey o f 1.5 to 4.5 year old children:
summary o f the findings o f the dental survey. British Dental Journal 1996;181:328-32.

Murray 1991
A history o f water fluoridation. In: Murray JJ, Rugg-Gunn AJ, Jenkins ON, editor(s). Fluorides in
Caries Prevention. Oxford: Wright, 1991:7-37.

Murray 1991a
Fluoride toothpastes and dental caries. In: Murray JJ, Rugg-Gunn AJ, Jenkins GN, editor(s).
Fluorides in caries prevention. Oxford: Wright, 1991:127-60.

O’Mullane 1995
O'Mullane DM. Contribution of fluoride toothpastes to oral health. In: Bowen WH, editor(s).
Relative efficacy o f sodium fluoride and sodium monofluorophosphate as anti-caries agents in
dentifrices. The Royal Society O f Medicine Press Limited, 1995:3-7.

Pitts 2001
Pitts NB, Evans DJ, Nugent ZJ. The dental caries experience o f 5-year-old children in Great Britain.
Surveys coordinated by the British Association for the Study o f Community Dentistry in 1999/2000.
Community Dental Health 2001;18(l):49-55.

Fitts 2002
Pitts NB, Evans DJ, Nugent ZJ, Pine CM. The dental caries experience o f 12-year-old children in
England and Wales. Surveys coordinated by the British Association for the Study o f Community
Dentistry in 2000/2001. Community Dental Health 2002;19(l):46-53.

Ripa 1991
Ripa LW. A critique of topical fluoride methods (dentifnces, mouthrinses, operator-applied, and
self-applied gels) in an era o f decreased caries and increased fluorosis prevalence. Journal O f Public
Health Dentistry 1991;1:23-41.

Rolla 1991
Rolla G, Ogaard B, Cruz R-d-A. Clinical effect and mechanism o f cariostatic action of
fluoride-containing toothpastes: a review. International Dental Journal 1991;41:171-4.

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

41

Seppa 1998
Seppa L, Karkkainen S, Hausen H. Caries frequency in permanent teeth before and after
discontinuation of water fluoridation in Kuopio, Finland. Community Dentistry and Oral
Epidemiology 1998;26:256-62.

Sharp 1998
Sharp S. Meta-analysis regression: statistics, biostatistics, and epidemiology 23 (sbe23). Stata
Technical Bulletin 1998;42:16-22.

Thompson 1999
Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis: a comparison o f methods.
Statistics in Medicine 1999;18(20):2693-708.

van Rijkom 1998
van Rijkom HM, Truin GJ, van't H of MA. A meta-analysis o f clinical studies on the caries-inhibiting
effect of fluoride gel treatment. Caries Research 1998;32:83-92.

Review Manager 4.2.2

26/09/2003

Combinations o f topical fluoride (toothpastes, mouthrinses, gels, varnishes)

42

Table of comparisons
01 Fluoride toothpaste plus others (varnish, gel or rinse) versus toothpaste alone
01 D(M)FS increment (PF) - nearest to 3 years (9 trials)
01 Fluoride toothpaste plus mouthrinse versus Fluoride toothpaste
02 Fluoride toothpaste plus gel versus Fluoride toothpaste
03 Fluoride toothpaste plus varnish versus Fluoride toothpaste
02 d(e)fs increment (PF) - nearest to 3 years (1 trial)
01 Fluoride toothpaste plus varnish versus Fluoride toothpaste
03 Unacceptability o f treatment as measured by leaving study early (5 trials)
01 Fluoride toothpaste plus mouthrinse versus Fluoride toothpaste
02 Fluoride toothpaste plus varnish versus Fluoride toothpaste
02 Other combinations o f topical fluoride versus one topical fluoride alone
01 D(M)FS increment (PF) - nearest to 3 years
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T e s t f o r o v e r a l effect: Z = 0 .0 0 (P = 1.00)

R R (random )
9 5 % Cl

W e iÿ it

R R (random )
9 5 % Cl

%

Y ea r

QuaM y

C

4 9 /1 7 2
172

1 0 0 .0 0
1 0 0 .0 0

1 .0 0
1 .0 0

[ 0 .7 2 ,
( 0 .7 2 ,

1 .4 0 )
1 .4 0 )

1988

0 2 F lu o rid e m o u th rin se plus to o th p a s te v e r s u s F luoride m o u th rin se (3 trials)
A x e ls s o n 1 9 8 7 a
7 /5 7
1 3 /5 6
B ln k h o m 1 9 8 3
1 4 /2 0 7
1 9 /2 0 9

2 .5 0
4 .0 2
9 3 .4 8

0 .5 3
0 .7 4
0 .9 8
0 .8 8

[ 0 .2 3 ,
[ 0 .3 8 ,
( 0 .8 5 ,
[ 0 .6 7 ,

1 .2 3 )
1 .4 4 ]
1 .1 3 )
1 .1 7 ]

1987
1983

1 0 0 .0 0
1 0 0 .0 0

0 .7 5
0 .7 5

[ 0 .2 2 ,
[ 0 .2 2 ,

2 .5 9 ]
2 .5 9 ]

R ln g e fc e rg 1 9 7 9
S u b to ta l (9 5 % C l)

2 3 8 /5 8 6

2 4 1 /5 8 2

850

847

T o tal e v e n ts: 2 5 9 (T FT in co m b in atio n ). 2 7 3 (S ingle TFT )
T e s t f o r h e te ro g e n e ity : Chr* = 2 .6 2 . df = 2 ( P = 0 .2 7 ). I ' = 2 3 .6 %
T e st fo r o v e r a l effe c t: Z = 0 8 5 (P = 0.3 9 )
0 3 F lu o rid e v arm sh plus to o th p a s te v e r s u s F lu o n d e v a m lsh (1 trial)
P e te r s s o n 1 985
4 /9 2
S u b to ta l (9 5 % C l)
92

6 /1 0 4
1 04

T o tal e v e n ts : 4 (T FT in co m tx n atio n ). 6 (S in g le TFT )
T e s t fo r h e te ro g e n e ity : n o t a p p lc a b le
T e s t f o r o v e r a l e ffect: Z = 0 .4 5 (P = 0 .65)
0.1

0.2

0 .5

F a v o u rs c o m b in e d T F T

1

0

F av o u rs com bined TFT

R e v ie w
C o m p a ris o n

S tu d y
o r s u b -c a te g o ry

O rder

2

5

10

F a v o u rs single TFT

1979

O rd e r

