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Resumo 
SAKUMA, R.H Efeito do Sal Fluoretado na Cárie e Fluorose Dentária: 
Revisão Sistemática e Metanálise. 2022. 90 f. Tese (Doutorado em Ciências, 

área de Saúde Bucal da Criança) - Faculdade de Odontologia de Araçatuba, 

Universidade Estadual Paulista, Araçatuba 2022. 
 
O presente estudo avaliou o efeito do sal fluoretado como uma medida 

comunitária preventiva na prevalência de cárie dentária e fluorose dentária. 

Foram realizadas pesquisas nas seguintes bases de dados: Medline/PubMed, 

Scopus, Web of Science, Cochrane, Embase, Lilacs/BBO, ProQuest, além da 

plataforma Open Gray and Clinical Trials. A qualidade metodológica e o risco de 

viés foram avaliados usando as ferramentas Escala Modificada Newcastle-

Ottawa, RoB-2 e ROBINS-1. Os dados referentes a chances de cárie, chances 

de fluorose e média de cáries foram plotados, e a análise apropriada foi realizada 

usando o Software Rev Man 5.3. A proporção de participantes livre de cáries foi 

calculada. A certeza da evidência também foi avaliada por média através da 

abordagem GRADE (Grading of Recommendations Assessment, Development, 

and Evaluation). Foram selecionados vinte estudos para síntese qualitativa, dos 

quais 15 estavam incluídos em 6 diferentes metanálises. Indivíduos que 

consumiam sal fluoretado (SF) apresentaram um menor risco de   quando 

comparados aos controle negativo (nenhuma medida comunitária) (OR 0.41 

[0.30; 0.57], I2=99%, p<0.00001), mas não quando comparados à água 

fluoretada (AF) (OR 1.12 [0.97, 1.29], I2=93%, p = 0.11). Um padrão inverso foi 

observado para fluorose, com o consumo de SF, aumentando o risco de fluorose 

quando comparado ao controle negativo OR 1.57 [1.26; 1.91], I2=0%, p<0.0001), 

mas semelhante à AF (OR 0.76 [0.46; 1.27], I2=62%, p=0.30). A qualidade da 

evidência foi muito baixa; muitos estudos incluídos eram transversais. Em 

conclusão, com as evidências disponíveis, é sugerido que o uso de SF promova 

um efeito na prevenção da cárie dentária comparável a AF, além de não 

promover aumento do risco de fluorose quando comparado a AF. Embora os 

resultados da presente Revisão Sistemática devam ser interpretados com 

cautela devido a baixa quantidade de ensaios clínicos e a baixa qualidade de 



 

  

evidência (GRADE), a fluoretação do sal pode ser considerada uma estratégia 

efetiva e segura para a administração de flúor na comunidade.  

Palavras–chave: Sais, Água, Fluoretação, Cárie Dentária, Fluorose dentária. 

 

  



 

  

Abstract 
Abstract 

The present study evaluates the effect of salt fluoridation as a community 

preventive measure on the prevalence of dental caries and dental fluorosis.  

Searches were performed in Medline/PubMed, Scopus, Web of Science, 

Cochrane, Embase, Lilacs/BBO, ProQuest, in addition to Open Gray and Clinical 

Trials. Methodological quality and risk of bias were assessed using the modified 

Newcastle-Ottawa Scale, RoB-2 and ROBINS-1 tools. Data sets for fluorosis 

chance, caries chance and mean of caries were plotted, and the appropriate 

analyses were applied by using the Rev Man 5.3 software program. The 

proportion of caries-free participants was calculated. Certainty of evidence was 

also evaluated by means of the Grading of Recommendations Assessment, 

Development, and Evaluation (GRADE) approach. Twenty studies were selected 

for qualitative synthesis, of which 15 were included in 6 different meta-analyses. 

Individuals consuming fluoridated salt (FS) were less likely to develop caries 

lesions compared to negative controls (no community measure) (OR 0.41 [0.30; 

0.57], I2=99%, p<0.00001), but not compared to fluoridated water (FW) (OR 1.12 

[0.97, 1.29], I2=93%, p = 0.11). An inverse pattern was observed for fluorosis, as 

consumption of FS increased the risk of fluorosis compared to negative control 

(OR 1.57 [1.26; 1.91], I2=0%, p<0.0001), but not in comparison to FW (OR 0.76 

[0.46; 1.27], I2=62%, p=0.30). The quality of the evidence available was very low; 

most studies included were cross-sectional. In conclusion, with the available 

evidence, it is suggested that the use of FS promotes similar anti-caries effects 

compared with FW, without increasing the risk of fluorosis compared to FW. 

Although the results of the present systematic review should be interpretated with 

caution due to the low quantity of clinical trials and low certainty of evidence 

(GRADE), salt fluoridation can be considered as an effective and safe strategy 

for Community administration of fluoride. 

 

Keywords: Fluoridation, salt; Fluoridation, water; Dental caries; Fluorosis, dental 
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Introdução Geral 
INTRODUÇÃO GERAL 

 
A saúde bucal tem impacto no bem-estar e na qualidade de vida das 

pessoas e, apesar dos avanços científicos e tecnológicos na odontologia, a cárie 
dentária continua sendo um problema de saúde pública em todo o mundo, 
principalmente em áreas mais carentes (Kassebaum et al., 2015). Trata-se de 
uma doença crônica, de etiologia multifatorial e com alta prevalência em dentes 
decíduos e permanentes. Ela é resultante do processo dinâmico de 
desmineralização e remineralização, causado pelo metabolismo de bactérias na 
superfície dentária (Petersen & Ogawa., 2016). 

De acordo com o estudo da Global Burden of Disease em 2010, a cárie 
dentária era a condição odontológica mais prevalente nos adultos, afetando 2,4 
bilhões de pessoas (Kassebaum et al., 2015). Entre as crianças, a prevalência 
global entre os pré-escolares era de 48% (Uribe et al., 2021), afetando em torno 
de 620 milhões de crianças (Kassebaum et al., 2015).  

O tratamento dessa condição e suas consequências são custosos, além 
de trazerem potenciais complicações, como dor e infecções, com impacto nas 
atividades do dia a dia, tanto para crianças, quanto para adultos (Kassebaum et 
al., 2015; Irigoyen et al., 2012).  

Nas últimas décadas, tem se observado uma queda da prevalência da 
cárie dentária na maioria dos países (Petersen., 2004; Fabruccini et al., 2016). 
Entre as intervenções mais reconhecidas para o controle da cárie dentária estão 
o uso de fluoreto em aplicações tópicas individuais (cremes dentais e 
enxaguantes bucais), aplicações tópicas para uso profissional (gel de flúor, 
verniz de flúor e diamino fluoreto de prata) e os métodos de base populacional, 
como por exemplo a fluoretação da água potável, sal de cozinha e leite (Sagheri 
et al., 2007; Meyer-Lueckel et al., 2010; Garcia- Perez et al., 2013; Fabruccini et 
al., 2016). Além disso, observou-se uma melhora da saúde bucal e menor 
gravidade da cárie nas últimas três décadas, decorrentes de programas de 
promoção de saúde bucal, com enfoque em educação, bem como o estímulo ao 
uso de produtos fluoretados (Petersen & Ogawa., 2016). 

O acesso adequado a programas de fluoretação é uma das intervenções 
preventivas eficazes, econômicas e seguras utilizadas nos últimos 60 anos para 
controlar a cárie dentária (Yengopal et al., 2010). A exposição a mais de uma 
fonte de flúor tem sido a regra na maioria dos países desenvolvidos, sendo a 
mais comum o uso de dentifrícios fluoretados. Já os métodos populacionais mais 
comuns são os usos de água e sal fluoretados. A água fluoretada é de acesso 
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universal, enquanto o sal fluoretado depende da adesão individual ao seu uso. 
Além disso, algumas pessoas podem necessitar fazer restrição desse elemento, 
como crianças e portadores de algumas doenças (Sagheri et al., 2007). 

O flúor protege os dentes contra a cárie dentária principalmente por dois 
mecanismos. Durante a formação dos dentes, ele é incorporado a sua estrutura, 
tornando-se mais resistente à ação cariogênica (O’Mullane et al., 2016). Já após 
a erupção, a ação direta do uso do flúor na redução da cárie dentária consiste, 
principalmente, em aumentar sua resistência, diminuindo a solubilidade do 
esmalte à ação do ácido produzido pelas bactérias e inibindo certos processos 
metabólicos (ação enzimática) das bactérias responsáveis pela formação da 
cárie dentária. (O’Mullane et al., 2016). O objetivo do uso do flúor é manter seus 
íons livres no meio bucal, incorporando o mais rápido possível e com maior 
frequência. O consumo de dentifrícios fluoretados, água e o sal tem esse efeito 
(Rojas, 2008). 

Aproximadamente 90% do flúor ingerido ao dia é absorvido pelo Sistema 
digestivo e sua eliminação é predominantemente renal. Do flúor ingerido pelas 
crianças, aproximadamente 55% são retidos pelo organismo e em adultos 
aproximadamente 36%. O Flúor circula no plasma na sua forma iônica e sua 
concentração em tecidos moles e duros está diretamente relacionada à 
quantidade e duração da ingestão de flúor. Aproximadamente 99% da carga 
corporal de flúor está associada a tecidos calcificados. A concentração de flúor 
nos dentes reflete a disponibilidade geral de flúor durante a formação dos dentes 
e varia dependendo do tempo de exposição e ingestão de flúor. Ao contrário do 
esmalte, a dentina continua a acumular flúor ao longo da vida. O teor de flúor da 
dentina é derivado inteiramente pela via sistêmica. A maior parte do flúor no 
esmalte reflete sua disponibilidade no período pré-eruptivo e de formação 
dentária. A exposição pós-eruptiva se reflete principalmente na camada externa 
do esmalte (O’Mullane et al., 2016) 

 O objetivo de um programa de prevenção de cáries deve ser a 
manutenção dos níveis adequados de flúor na maior parte da população 
(Petersen & Ogawa., 2016). Historicamente, a fluoretação da água foi a primeira 
medida comunitária adotada para a prevenção da cárie dentária e está entre as 
10 conquistas de saúde pública do século 20 (O’mullane et al.,2016). No entanto, 
outros métodos de fluoretação foram propostos pela Organização Mundial da 
Saúde, baseados na logística e custos, entre eles a fluoretação do sal de cozinha 
(Fabruccini et al., 2016). Essa foi introduzida primeiramente nos anos 60 na 
Suíça, como alternativa a fluoretação da água, já que essa última requer uma 
estação de tratamento, equipamento especial e monitorização diária.  Após, essa 
estratégia se propagou para 43 países em diferentes continentes, sendo 
atualmente adotado como programa nacional de prevenção da cárie em 17 
países (O’mullane et al., 2016). 
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O sal de cozinha tem como vantagem ser um veículo que pode ser 
fortificado com micronutrientes na maior parte do mundo, devido a seu fácil 
acesso e baixo custo. O sucesso dos programas de fortificação do sal com iodo 
motivou a busca de outros componentes que pudessem trazer benefícios a 
saúde pública, entre elas o flúor (Yengopal et al., 2010). 

A fluoretação do sal pode ser utilizada principalmente como um método 
de fluoretação alternativo à água, seja por questões técnicas, culturais ou sócio-
econômicas (Fabruccini et al., 2016). Trata-se de uma estratégia comunitária 
custo-efetiva para a prevenção da cárie dentária. Essa intervenção é 
considerada prática, segura, de baixo custo e de fácil aplicação, especialmente 
em países onde a fluoretação da água não é utilizada (Petersen, 2004; Wennhall 
et al., 2014). 

Estima-se que, aproximadamente 300 milhões de pessoas em todo o 
mundo recebam sal fluoretado, a maioria na América Latina (Marthaler, 2013). A 
fluoretação do sal foi adotada em países como Áustria, França, Alemanha, 
Bolívia, Colômbia, Jamaica, México, Costa Rica, República Dominicana, 
Honduras, Nicarágua, Panamá, Suíça e Venezuela (Peterson, 2004). 

A eficácia e o impacto preventivo da fluoretação do sal dependem de 
como é realizada sua implementação. Fatores como distribuição, marketing e 
preços interferem no impacto preventivo da fluoretação do sal. Há variações nas 
políticas de implementação da fluoretação do sal dependendo da realidade de 
cada país, com variações na concentração de flúor no sal, distribuição do sal e 
disponibilidade de sal não fluoretados (O’Mullane et al., 2016). O flúor como 
mecanismo protetor de cáries dentárias já está bem estabelecido e difundido, 
portanto, o sal fluoretado é em geral bem aceito pela população (O’Mullane et 
al., 2016). A concentração do flúor no sal deve ser monitorada constantemente 
e pode ser ajustada, conforme a realidade local de exposição a outras fontes de 
flúor e consumo de sal, a fim de se evitar a fluorose dentária (Fabien, 1996; 
Betancourt-Lineares et al., 2013; O’Mullane et al., 2016). 

Na América Latina, o flúor é utilizado no sal de cozinha em concentrações 
entre 180 a 220 ppm F/Kg de sal e, no caso da Europa, que tem um menor 
consumo de sal, as concentrações de F variam entre 200 a 350 ppm F/Kg. Em 
1989, um estudo evidenciou que, para que o sal fluoretado tenha a mesma 
eficácia que a água fluoretada (0,8 ppm), a concentração deve ser de 250 ppm 
F/Kg (Ditterich et al., 2005). Alguns estudos mostram que as concentrações de 
flúor (F) no sal não estão dentro da faixa recomendada pelas autoridades 
governamentais e que diferentes concentrações de F foram relatadas na mesma 
embalagem ou saco (Kidd, 2011).  

Em 2016, Fabruccini et al., publicou o primeiro estudo que mostrou uma 
diferença significativa entre a prevalência de cárie comparando com o uso da 
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água e sal fluoretados, com maior benefício da água fluoretada em crianças em 
idade escolar. Entretanto, os autores ressaltam que enquanto a água fluoretada 
alcança a todos, independente da vontade do indivíduo, o uso de sal fluoretado 
depende da adesão e de seu uso regular.  

Apesar dos benefícios claros do flúor, seu excesso pode trazer 
consequências à saúde bucal. A fluorose dentária é outra patologia de interesse 
em saúde bucal, definida como a alteração do esmalte dentário relacionada ao 
consumo excessivo e prolongado de fluoreto durante o período de formação 
dentária, que inclui o período de nascimento até 6 ou 7 anos. Por isso, é 
necessário um controle das concentrações de flúor nos diversos meios (Meyer-
Lueckel et al., 2010; Betancourt-Lineares et al.,2013) 

Em geral, quatro fatores principais de exposição ao flúor em crianças são 
identificados na literatura: água potável fluoretada, cremes dentais com flúor, 
suplementos fluoretados e fórmulas para leite infantil. No entanto, um estudo 
realizado no México em crianças que vivem em áreas com diferentes 
concentrações de flúor na água e que recebem sal fluoretado, descobriu que a 
maior prevalência de fluorose estava associada à concentração de flúor na água 
e não a ingestão de sal (Garcia-Perez et al.,2013).  

A maioria dos estudos que avaliam a fluoretação do sal de cozinha são 
estudos observacionais (Yengopal et al., 2010). Entre eles, um estudo avaliou o 
impacto da fluoretação do sal na França, após sua introdução, em dois 
momentos, nos anos 1987 e 1991. Havia pouca interferência de outras fontes de 
flúor nessa época. Foi constatado uma diminuição da prevalência de cárie na 
população avaliada (Cahen et al., 1993). Outro estudo conduzido na França nos 
anos 80, também avaliou como positiva a ação cariostática do flúor (Crousaz et 
al., 1985). 

Há estudos em diversos países que evidenciaram benefício do uso do sal 
fluoretado (Menghini et al., 1995; Fabien, 1996; Irigoyen & Sánchez-Hinojosa 
2000; Meyer-Lueckel et al. 2002). No ano de 2002, na Jamaica, um estudo, 
avaliou o impacto do sal fluoretado em crianças com idade entre 6 a 16 anos, 
doze anos após a introdução da fluoretação do sal. Foi identificada uma 
diminuição da prevalência da cárie dentária (Meyer-Luckel et at, 2002). Outro 
estudo, realizado no Peru em 2007, avaliou crianças de 12 anos e demonstrou 
prevalência de 100% de cárie, mas com índices menores na população que 
consumia sal fluoretado (Rojas, 2008). Esses dois estudos, os autores ressaltam 
que são observacionais, e, portanto, poderia haver influência de outros veículos 
com flúor.  

Estudo realizado no México, nos anos 2000, mostrou que o programa de 
fluoretação do sal comtemplava mais de 11 milhões de pessoas. Os resultados 
também foram favoráveis, mostrando uma redução da prevalência e gravidade 
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da cárie dentária em dentes permanentes numa população de 6 a 10 anos. As 
razões para esses resultados incluem a fluoretação do sal e a melhora do acesso 
a serviços odontológicos (Irigoyen & Sánchez-Hinojosa 2000). 

Além disso a última revisão sistemática sobre o assunto foi publicada há 
mais de 10 anos, relatando que a metanálise realizada favoreceu a fluoretação 
do sal em relação ao controle negativo. Essa Revisão Sistemática não incluiu 
ensaios clínicos randomizados, mas encontrou benefícios na prevalência de 
cárie dentária em diferentes faixas etárias, separando os estudos por idade, 
entre 6-8 anos, 9-12 anos e 13-15 anos (Yengopal et al., 2010).   

Foram realizados novos estudos avaliando a fluoretação do sal na 
prevenção da cárie dentária, incluindo dois ensaios clínicos randomizados 
(Wennhall et al., 2014; Jordan et al.,2018). Em 2014, Wennhall et al., avaliou o 
efeito do uso domiciliar de sal de cozinha fluoretado em crianças de 12-14 anos 
na Suécia, não encontrando diferenças significativas entre os grupos. Entretanto, 
os autores ressaltam que podem ter ocorrido um problema na adesão ao uso do 
sal fluoretado. 

Já Jordan et al., 2018, realizaram outro ensaio clínico randomizado, que 
avaliou o impacto da fluoretação do sal de cozinha na Gambia, em crianças de 
3-5 anos com dentição decídua completa, após um ano de uso. Os autores 
verificaram um efeito benéfico da fluoretação do sal na prevenção da cárie 
dentária. O ponto positivo desse estudo é ser o primeiro a avaliar a fluoretação 
do sal sem influência de outras variáveis ou outras fontes de flúor, pois essas 
crianças não eram expostas a dentifrícios fluoretados. A desvantagem é que 
esses resultados não podem ser reproduzidos em muitos países.  

Há poucos ensaios clínicos e revisões sistemáticas sobre o impacto da 
fluoretação do sal de cozinha no desenvolvimento da cárie dentária (Meyer-
Lueckel et al., 2010). As dificuldades incluem as variações nas concentrações 
do flúor e a presença de outros fatores que contribuem para a cárie (Yengopal 
et al., 2010). Além do efeito preventivo dos diversos produtos fluoretados, um 
maior acesso à educação e a saúde bucal também contribuem para a diminuição 
da cárie dentária (Meyer-Lueckel et al., 2010). 

A avaliação do impacto da fluoretação do sal na cárie dentária pode ser 
utilizada para formular e avaliar políticas públicas de prevenção de cárie dentária. 
A cárie tem etiologia multifatorial, e a monitorização de políticas públicas deve 
ser contínua. A avaliação do benefício da fluoretação do sal pode auxiliar alguns 
países a rever suas políticas públicas, principalmente em áreas de alta 
prevalência de cárie dentária (Irigoyen et al., 2012). 

Considerando a disponibilidade de novos estudos e dados clínicos sobre 
o tema, o presente estudo tem como objetivo avaliar evidências científicas sobre 
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os efeitos da fluoretação do sal no controle de cárie e no risco de fluorose 
dentária, por meio de revisão sistemática e metanálise.  
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Salt fluoridation on dental caries and fluorosis: a systematic review and 
meta-analysis 

Abstract 

Objectives: To evaluate the effect of salt fluoridation as a community preventive 

measure on the prevalence of dental caries and dental fluorosis.  

Data/Sources: Searches were performed in Medline/PubMed, Scopus, Web of 

Science, Cochrane, Embase, Lilacs/BBO, ProQuest, in addition to Open Gray 

and Clinical Trials. Methodological quality and risk of bias were assessed using 

the modified Newcastle-Ottawa Scale, RoB-2 and ROBINS-1 tools. Data sets for 

fluorosis chance, caries chance and mean of caries were plotted, and the 

appropriate analyses were applied by using the Rev Man 5.3 software program. 

The proportion of caries-free participants was calculated. Certainty of evidence 

was also evaluated by means of the Grading of Recommendations Assessment, 

Development, and Evaluation (GRADE) approach.  

Study selection: Twenty studies were selected for qualitative synthesis, of which 

15 were included in 6 different meta-analyses. Individuals consuming fluoridated 

salt (FS) were less likely to develop caries lesions compared to negative controls 

(no community measure) (OR 0.41 [0.30; 0.57], I2=99%, p<0.00001), but not 

compared to fluoridated water (FW) (OR 1.12 [0.97, 1.29], I2=93%, p = 0.11). An 

inverse pattern was observed for fluorosis, as consumption of FS increased the 

risk of fluorosis compared to negative control (OR 1.57 [1.26; 1.91], I2=0%, 

p<0.0001), but not in comparison to FW (OR 0.76 [0.46; 1.27], I2=62%, p=0.30). 

The quality of the evidence available was very low; most studies included were 

cross-sectional.  

Conclusions: With the available evidence, it is suggested that the use of FS 

promotes similar anti-caries effects compared with FW, without increasing the 

risk of fluorosis compared to FW. 

Clinical Significance: Although the results of the present systematic review should 

be interpretated with caution due to the low quantity of clinical trials and low 

certainty of evidence (GRADE), salt fluoridation can be considered as an effective 

and safe strategy for Community administration of fluoride. 
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1. Introduction 

Despite all scientific and technological advances in Dentistry, dental caries 

remains a public health problem worldwide, especially in the most deprived areas 

[1]. According to the Global Burden of Diseases study in 2010, untreated caries 

was the first most prevalent condition evaluated in adults, affecting over 2.4 billion 

adults [2]. For children, it was the tenth most prevalent condition, affecting over 

620 million children [2], with a global prevalence of 48% in preschoolers [3]. 

Treatment of its consequences is costly and, when untreated, it may cause pain 

and infection, affecting daily activities and productivity, both for children and 

adults [2].  

Caries-preventive strategies have heavily relied on the effectiveness and 

safety of fluoridation schemes, when used as community vehicles or in products 

for self- or home-use. Water fluoridation (WF) was the first community-based 

fluoridation method and is regarded as one of the 10 most great public health 

achievements of the 20th century [4]. Nonetheless, other community-based 

fluoridation methods have been proposed in order to overcome financial and 

logistic issues, including salt, milk and supplements. In this context, salt 

fluoridation (SF) was first introduced in Switzerland in the 1960s, as an alternative 

to WF, as the latter requires a centralized water treatment station, special 

equipment and daily monitoring. Preventive strategies involving SF later spread 

to 43 countries in Europe, Americas, Asia and Africa, being currently adopted as 

a National Program for caries prevention in 17 countries [4].  

Community-based fluoridation schemes have proven to be effective and 

safe in caries control. Nonetheless, it is widely known that the use of such 

methods (previously known as systemic fluoridation) is associated with unwanted 

side-effects, especially dental fluorosis. Despite this condition in mild form is 

usually not associated with effects on the quality of life of individuals [5], in more 

severe forms it may increase the risk of dental caries [6]. 

The majority of the studies assessing the effects of SF are of observational 

nature, mostly employing cross-over protocols, which have limitations inherent to 

the study design. Furthermore, the last systematic review on the topic was 

published over 10 years ago, reporting that the meta-analysis performed favored 
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SF in comparison with negative control (i.e., no intervention) on caries control 

only [7]. Since then, new studies assessing the effects (preventive or adverse) of 

SF, including two randomized clinical trials [8,9] have been published, which 

brought new light to the issues on the efficacy and safety of this method. 

Thus, based on the availability of new clinical and observational data on 

the effects of SF on dental caries, and considering the lack of evidence-based 

studies on the side-effects of this measure (i.e., dental fluorosis), the present 

study aimed to evaluate scientific evidence about the effects of SF on caries 

control and on the risk of dental fluorosis, in addition to provide comparative data 

between SF and WF on both clinical conditions through a systematic review and 

meta-analysis. 

 

2. Materials and Methods 

Search strategy 

The following databases were used to search the papers: PubMed, Scopus, 

Web of Science, Cochrane, Embase, Lilacs and BBO. Other soureces 

investigated included ProQuest, Open Gray and Clinical Trials. Additionally, a 

manual search for information was carried out on the reference list of the included 

studies, to identify manuscripts that could not have been recovered by the 

electronic search. The search strategy was guided by a specialized librarian 

(ACMGM) and adapted for each database (Appendix 1 – S1). There were no 

restrictions regarding the language or year of publication. The initial search was 

performed on May 16, 2019 and the latest updated, on November 1, 2022. 

Eligibility criteria 

The eligibility criteria followed the PICOS/PECOS strategy, in which 

observational studies and randomized/non-randomized trials that compared the 

prevalence of dental caries and/or dental fluorosis in individuals or populations 

consuming fluoridated salt with either individuals or populations with or without 

another measure of fluoridation were included.  As inclusion criteria, individual or 

populations of all ages, who were examined by any indexes for dental caries and 
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dental fluorosis examinations, were selected. The exclusion criteria were: (1) lack 

of clear definition of the exposed and control groups; (2) literature reviews; (3) 

absence of a control group; (4) studies published more than once under different 

titles and in different journals; (5) case reports; (6) letters to editors; (7) animal 

studies; and (8) studies with missing data, even after contact attempts with the 

authors. 

Study selection and data extraction process 

After paper retrieval from the 7 databases and 3 additional sources, they were 

checked for duplicates using the online version of Endnote software and were 

considered only once. Titles and abstracts were analyzed independently by two 

reviewers (LCC and RHS). Potentially eligible papers, including those whose title 

and abstract did not provide enough information for either inclusion or exclusion, 

were read in full text to clearly determine their eligibility. Data were extracted 

individually by three independent researchers (LCBQ, LCC, and RHS) using a 

form based on other systematic reviews, in which the following data were 

recorded: study details (authors and year of publication); details of study methods 

(study design and follow-up period); details of participants (mean age and number 

of patients in each group); evaluation criteria; and results. Studies unavailable at 

electronic databases were retrieved by the institution’s library via a switching 

service. For studies with missing data, the authors of each paper (corresponding 

author and coauthors) were contacted via e-mail, Research Gate and/or 

Linkedin) three times, at weekly intervals. For papers in languages other than 

English, Portuguese or Spanish, an online translation tool (Google Translator) 

was initially used, and the resulting material was assessed by collaborators with 

experience in those languages (listed in the acknowledgement section). 

Risk of bias in individual studies 

Two review authors (LCBQ and LCC) independently undertook the risk of bias 

assessment for the included studies. Disagreements were solved by discussion 

with a third review author (JPP) until a consensus was reached.  

The risk of bias of each cross sectional included study was evaluated using 

an adapted version of the Newcastle-Ottawa Scale (NOS) [10]. This adapted 
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version includes three domains of risk of bias assessment: selection, 

comparability and outcome. Seven items compose the three domains. The score 

for each study can range from 0 to 10 stars, being that the higher the score (more 

stars) the lower the risk of bias.   

For clinical trials, the risk of bias assessment was taken using Cochrane Risk 

of Bias Tools (https://www.riskofbias.info). A Revised Tool to Assess Risk of Bias 

in Randomized Trials (RoB-2) was used [11] for randomized controlled clinical 

trials. RoB-2 assesses quality in five domains of bias: randomization bias, 

deviation from intended intervention bias, missing outcome data bias, 

measurement of the outcome bias and selection of the reported results bias. For 

each domain, there are five options of response: yes, probably yes, probably no, 

no, and not informed.  

Risk of Bias in Nonrandomized Studies of Interventions (ROBINS-I) was used 

for clinical trials that did not perform randomization [12]. ROBINS-I assesses 

quality in seven domains: bias due to confounding factors, selection, 

classification, intervention, missing data, outcome measures and reported 

results. The response options are yes, probably yes, probably no, no, and not 

informed. 

Quantitative synthesis 

The studies data were analyzed using RevMan software (Review Manager v. 

5.4.1, The Cochrane Collaboration; Copenhagen, Denmark) to evaluate the 

association between fluorosis and consumption of fluoride salt, as well as the 

association between caries and consumption of fluoride salt. Six analyses were 

performed, comparing people who consumed fluoride salt (exposed/treated) with 

those with or without another community fluoridation measure (positive and 

negative controls, respectively): 

In fluorosis analysis, the number of people with fluorosis (events) and the total 

individuals evaluated in case and control groups were used to calculate the odds 

ratio (OR) and its 95% confidence interval (CI), subgrouping according to the 

indexes used (Thylstrup-Fejerkov or DEAN). To evaluate the influence of the 

‘questionable’ score in DEAN’s index, three analyses were performed 

considering “questionable” as with fluorosis (first data set) or without fluorosis 
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(second dataset), in addition to a third dataset excluding ‘questionable’. 

Separated analyses were performed for negative and positive control. 

It was considered negative control when the comparison was performed with 

participants groups not exposed to any other method of community fluoride, and 

positive control when the comparison was performed with participants group not 

exposed to fluoridated salt, however they were exposed to other method(s) of 

community fluoride. 

In dental caries analysis with dichotomous data, the OR of caries between 

people who consumed fluoride salt (exposure group) and those exposed (positive 

control) or not (negative control) to another community fluoridation measure, 95% 

CIs and standard errors (SEs) were calculated for all studies included in this 

analysis. The pooled effect size was calculated by the generic inverse variance 

OR. Separated analysis were performed for negative and positive control group. 

In dental caries analysis with continuous data, the mean difference (MD) of 

caries between people who consumed fluoride salt (exposed group) and those 

exposed (positive control) or not (negative control) to another community 

fluoridation measure, 95% CIs and SEs were calculated for all studies included 

in this analysis, in attempt to combine data from the largest possible number of 

studies. The pooled effect size was calculated by the generic inverse variance 

MD since the outcome was measured by the same index between studies. This 

analysis was performed to dmft and DMFT index. Separate analyses were 

performed for negative and positive control groups. 

When necessary, the effect estimates were converted with the help of 

RevMan software tools. Fixed effects model was applied when extreme low 

number of studies were included (three or lass studies) and random effect were 

applied when four or more studies were included in the meta-analysis [13].  

Heterogeneity was tested using the I2 index and, when possible, the prediction 

intervals were calculated in analysis that random effect was applied. 

The proportion of caries-free (PCF) participants was calculated for 

exposed/treated group (SF) and control groups through the formulae  

Total number of caries free participants x 100; 

Total number of participants evaluated 
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And the increment of caries-free participants was calculated through the 

formulae: PCF for the group exposed to SF – PCF for control group (separately 

for positive and negative controls). 

 

Certainty of evidence 

The certainty of the evidence (certainty in the estimates of effect) was 

determined for each outcome using the Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) approach. With the GRADE 

approach, observational studies and clinical trials start as “low” and “high” 

certainty of evidence, respectively; however, the certainty of evidence decreases 

to “very low” if serious or very serious issues related to risk of bias, imprecision, 

inconsistency, indirectness, and publication bias are present [14].  

The age of the participants in the intervention/exposed and control groups, 

the exposure to fluoride sources other than salt in the intervention/exposure 

group, kappa values for intra- and inter-examiner assessment, and diagnosis of 

the condition performed in a non-clinical way (exclusively by radiographs) were 

considered to evaluate de influence of risk of bias in the caries outcome. 

Exposure to fluoride sources other than salt in the intervention/exposure group, 

kappa values for intra- and inter-examiner assessment, and diagnosis of the 

condition performed in a non-clinical way (photographs) were considered to 

evaluate de influence of risk of bias in the fluorosis outcome. The age of 

participants was considered to evaluate indirectness. 

 

3. Results 

Selection of studies 

After reading the titles and abstracts, 3,809 duplicates were removed, with 

identification of 4,991 studies (4,967 studies identified via databases and 

registers, and 24 via other methods). Among the 46 potentially eligible studies 

(read in full text), 26 were excluded due to the following aspects (Appendix 2 – 

S2): Same study published twice with different title, year and/or journal (n = 3), 

Literature review (n = 3), Descriptive Studies (absence of a control group) (n = 
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8), No groups exposed to fluoridated salt (n = 1), Overlapping sources of fluoride 

(n = 8), Missing data referred to the population of the study; contact with the 

author was tried but unsuccessfully (n = 3). 

Thus, 20 papers remained for the qualitative synthesis, and 15 for the 

quantitative analysis. The flowchart of study selection, following the PRISMA 

2020 statement [15], is presented in Fig. 1. 

Characteristics of studies included 

The characteristics of the 20 included studies are listed in Table 1. Among 

them, 18 studies were cross-sectional [16–33] and 2 were prospective (one 

randomized [8] and one non-randomized [9]). All included studies had a control 

group (among which 5 were exposed to fluoridated water, 1 exposed to 

fluoridated tablets and 14 not exposed to any community fluoridation measure) 

and a group exposed to fluoridated salt. Two studies (published in three separate 

papers) evaluated both dental caries and fluorosis indexes in the same population 

[27–29]. Regarding fluorosis, three studies used the Dean’s index [28,32], while 

two used Thylstrup and Fejerskov’s index [17,29].  

For dental caries, 10 studies evaluated only permanent teeth (DMFT/DMFS) 

[18,19,22,23,25–27,29,30,33], 1 evaluated only primary teeth (dmft) [8], and 4 

studies evaluated both permanent and primary teeth (DMFT/DMFS/dmft) 

[20,21,24,31]. Nine studies are comparisons of National surveys carried out in 

different periods of time (i.e., before and after salt fluoridation implementation) 

[16,18–20,23,24,31–33]. 

Risk of bias within studies 

The included articles varied regarding of risk of bias. For cross-sectional 

studies, the overall quality score ranged from 3 to 9. Ascertainment of the 

exposure in the selection section was the main bias, considering that 13 [16–

18,21,24–32] of the 18 studies did not fit the criteria (did not measure the fluoride 

concentrations in the table salt, nor in water or tablets), followed by lack of 

appropriate statistical tests (Odds Ratio – OR).  The randomized controlled study 

[8] was classified as “some concerns” risk of bias because of missing data about 

plans for the analysis elaboration. The non-randomized controlled study [9] was 
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evaluated as having serious concerns about risk of bias due to confounding 

factors and deviations from intended interventions (table 2).  

 

Meta-analyses and certainty of evidence 

Four studies were excluded from the meta-analyses. Marthaler et al. [33], was 

excluded since caries outcomes were only measured in DMFS. Betancourt-

Lineares et al. [16], and De Crousaz et al. [19] Fabien et al. [21] were excluded 

due to insufficient data. Furthermore, despite the study by Stephen et al. [29] 

presented data for both caries and fluorosis, it was only considered in the meta-

analysis of fluorosis, given that the study population was exposed to fluoride 

tablets after the age of 4. This makes it impossible to assess the effects of 

fluoridated salt alone on dental caries. 

Fluorosis 

Four studies were included in these analyses, comprising 3,731 individuals. 

The chance to present fluorosis was similar between the exposure (fluoridated 

salt) and positive control (fluoridated water), with OR values ranging from 0.76 to 

0.84 (Table 3). Also, the use of fluoridated salt significantly increased the chance 

of fluorosis compared with negative controls (without any F-based community 

measure), with OR values ranging from 1.50 to 1.58. For both comparisons, the 

data related to the “questionable” score of Dean’s index was shown to exert 

negligible influence. 

Caries – dichotomous data 

Mansila et al. [25] was not included in this analysis since all participants 

(100%) in both exposure and control groups presented dental caries, so that the 

OR could not be estimated. Nine studies (from 10 papers) were included in this 

analysis, accounting for 226.220 people, out of which 7 were compared against 

negative controls (without any F-based community measure) and 2, against 

positive control (fluoridated water). Individuals exposed to fluoridated salt 

presented lower chance of dental caries compared to negative controls OR 0.41 

[0.30, 0.57] p<0.00001, I2=99%, with prediction interval range from 0.13 to 1.29. 

On the other hand, individuals exposed to fluoridated salt or to fluoridated water 
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presented similar chance of dental caries OR 1.12 [0.97, 1.29] p=0.11 I2=99% 

(figure 2). The certainty of evidence was very low (table 2). 

 

Caries – continuous data 

Nine studies (from 10 papers) were included in the analysis of DMFT data (7 

compared with negative control, and 2 with positive control), and four were 

included in the analysis of dmft data (all compared with negative control). 

Individuals exposed to fluoride salt presented lower mean DMFT (MD -1.98 [-

2.84, -1.11], p<0.00001, I2=99% - prediction interval range from -2.77 to 0.30) 

and dmft (MD -1.45 [-2.62, -0.29], p=0.01, I2=99% - prediction interval range from 

-6.99 to 4.09) compared to negative controls, as shown in Figures 3 and 4, 

respectively. Conversely, individuals exposed to fluoridated salt and fluoridated 

water (positive controls) presented similar mean DMFT (MD 0.00 [-0.17, 0.17] 

p=97 I2=73 (Figure 3). The certainty of evidence of these analyses were classified 

as very low (table 2). 

Proportion of caries-free 

Overall, there was a 10.8% increase in the proportion of caries-free in 

populations exposed to fluoridated salt compared with those not exposed to any 

community fluoridation measure (negative control), for both dentitions considered 

together. For the permanent dentition (DMFT), there was an increase of 14.8% 

in the proportion of caries-free in populations exposed to fluoridated salt 

compared to negative control [9,18,23,25]. On the other hand, there was a 3.8% 

reduction in the proportion of caries-free individuals compared to positive controls 

(exposure to fluoridated water)  [22,27]. 

 

4. Discussion  

With the increase in access, acceptance, and development of vehicles with 

fluoride for home and/or professional use, the question about the effectiveness, 

safety and maintenance of community vehicles for the control of dental caries has 

been raised, especially due to concerns on risks of chronic toxicity (i.e.¸dental 



 

  43 

fluorosis). The results of the six MAs analyzed together attest the higher 

protective effect of fluoridated salt on dental caries compared with negative 

controls, reaching levels similar to those achieved by the use of fluoridated water, 

both for caries control and chance of fluorosis. These results, however, must be 

interpreted with caution, due to the very low level of evidence, as detailed below. 

Regarding the effects of fluoride salt as a preventive measure against dental 

caries, three MAs were conducted. In the first MA, dichotomized data (i.e., without 

caries versus presenting any number of lesions) was used to calculate the OR, 

demonstrating a lower chance of presenting dental caries in individuals exposed 

to fluoridated salt compared with negative control, and a similar chance compared 

to individuals exposed to fluoridated water. For the second and third MAs, 

continuous data were used, finding that individuals exposed to fluoridated salt 

presented lower means of DMFT/dmft compared to groups not exposed to any 

community fluoridation measure. However, compared to groups exposed to 

fluoridated water, similar means of DMTF were observed.  The use of community 

fluoridation measures is endorsed by the World Health Organization, which 

regards the implementation of programs for the automatic administration of 

fluoride through water, salt, or milk among the urgent actions of governments to 

improve the oral health of populations [34]. A previous systematic review and 

meta-analysis found a 35% reduction in dmft and 26% in DMFT in children 

exposed to fluoridated water dentition [35].  This corresponds to a 15% increase 

in caries-free children in deciduous dentition and 14% in permanent dentition [35], 

what is in line with the data obtained in the present review. 

The certainty of evidence of these analyses was classified as very low, mainly 

due to the cross-sectional nature of the majority of studies included (in Table 2), 

in addition to issues related to imprecision, external validity and inconsistencies. 

Also, the studies were conducted in different continents, comprising 11 

European, seven North American, two South American and one African country, 

whose specific socioeconomic and cultural features might have played an 

important role on the outcomes obtained in each study. The quality assessment 

also identified that most of the studies presented some type of risk of bias that 

could influence in outcome, in addition to high heterogeneity and wide variations 

in the effect estimates. Another important aspect was that exposure to other 
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fluoride sources such as dentifrices, gels and varnishes was not investigated or 

was not clearly described neither for the exposed nor the negative/positive control 

groups, with the exception of one study [21]. These aspects, analyzed together, 

reduce the strength of the suggestions from the present review and should, 

therefore, be taken into consideration. 

In fact, the present systematic review identified only two prospective clinical 

trials assessing the effects of fluoridated salt on dental caries. The first was 

conducted in Sweden [9] and found no significant difference between 

adolescents who consumed fluoridated salt and those who did not. Some 

methodological aspects, however, must be emphasized for a better 

understanding of such results. Firstly, wide variations in the consumption of 

fluoridated salt at home were reported for the exposed group (ranging from 1 to 

37 kg per household throughout the 2-year study period), in addition to ad libitum 

consumption of fluoridated salt at school during meals. Secondly, and perhaps 

most importantly, the study was conducted in a high HDI country, in which both 

groups (exposed and control) regularly used fluoride toothpaste, and had access 

to routine preventive and restorative treatments, which are likely to have played 

a major role in the results observed. Despite this study represents a more realistic 

condition of modern lifestyle concerning the simultaneous use of different sources 

of fluoride, the points highlighted above hinder the estimation of the actual effects 

of fluoridated salt on caries control. 

On the other hand, a prospective, controlled and interventional study 

conducted in 3-5 year-old children in Gambia [8], where the drinking water had a 

low fluoride content (0.1 mg F/L) and children did not use fluoridated toothpastes, 

concluded that salt fluoridation was an effective measure to reduce caries 

incidence. This study was extremely controlled regarding the amount of 

fluoridated salt administered to the children (1.6 g of salt containing 250 ppm F 

per child, once a day at school, only in schooldays). This allowed a clear 

determination of the preventive effects of fluoridated salt on caries control in a 

low HDI country, in which this measure provided the only source of fluoride to the 

study population. Nonetheless, the extent to which these results could be 

extrapolated to children from countries with higher HDI and/or with access to 

other sources of fluoride (i.e., toothpastes or mouthrinses), is still unknown. The 
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analysis of the information above (both from cross-sectional and prospective 

studies) clearly point out to the need for more well controlled clinical trials. This 

is reinforced by the widespread availability of fluoridated products and 

industrialized foods and beverages, which can also contribute to total daily 

fluoride exposure. The use of logistic regression models under well controlled 

exposure conditions might also bring new light into this important issue. 

To evaluate the effect of fluoridated salt on the chance of dental fluorosis, four 

cross-sectional articles were included in the meta-analysis, out of which two used 

the Dean’s index [28,32] and two, TF’s index using clinical photographs [17,29]. 

As for the comparison between fluoridated salt and fluoridated water, two studies 

included in the MAs [17,28] compared these vehicles in 12-year-old children, 

showing that the chance of fluorosis was similar in both groups. These results are 

in line with data from a comprehensive  study assessing urine as a biomarker of 

fluoride exposure, in 4- to 6- year-old children exposed to different sources of 

systemic fluoride, showing no significant differences in mean 24-hour urinary 

fluoride excretion between individuals exposed to fluoridated water (0.69 mg) and 

fluoridated salt (0.81 mg) [36].  Furthermore, Sagheri et al. [28] concluded that 

the fluorosis resulting from both measures (assessed by the Dean’s index) did 

not represent a public health problem, given that most of the cases were not of 

esthetical concern. The level of this evidence, however, was considered as very 

low for the type of studies included, for similar reasons presented for the studies 

assessing dental caries.  

Regarding the studies comparing fluoridated salt with a negative control, the 

MAs showed that consumption of fluoridated salt increased the chance of 

fluorosis in the study population (OR ranging from 1.50 to 1.58, depending on the 

approach used for the “questionable” score of Dean’s index). The individual 

analysis of these two studies deserves some comments, given their opposite 

outcomes. First, despite Stephen et al.  [29] reported no significant differences in 

fluorosis prevalence between adolescents exposed or not to fluoridated salt, this 

study only accounted for 5.4% of the total weight of the analysis, in addition to 

presenting a wide confidence interval of the estimates (0.30 – 11.53). On the 

other hand, the study by Salas-Pereira et al.  [32] reported an increased chance 

of fluorosis in the exposed group. The study population comprised Costa Rican 
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adolescents who were born before or after the implementation of salt fluoridation 

(15 or 12 year-olds, respectively). For this reason, only the upper anterior teeth 

were considered in the MAs, this since the onset of mineralization of these teeth 

occurs around 2.5 years of age. Interestingly, these individual studies reported 

that 6.1% [29] and 26.3% [32] of the participants consuming fluoridated salt had 

dental fluorosis (at any level), while the reported figure obtained in a Cochrane 

systematic review [35] indicated that 40% of the population using fluoridated 

water was affected by enamel opacities at any level (aesthetic and no aesthetic 

concern). Despite the different review protocols and scopes of both reviews, in 

addition to the higher number of studies included in the Cochrane review [35] 

impede a direct comparison of the figures reported, the present results indicate 

that the consumption of fluoridated salt can be regarded to be as safe as 

fluoridated water.  

Salt fluoridation is a method usually well accepted by the population, as it 

presents greater geographical reach than with fluoridated water, longer shelf life 

than fluoridated milk, in addition to allowing the freedom of choice by individuals, 

the latter being in high demand over recent decades. Furthermore, the estimated 

range of costs for salt fluoridation varies from US$0.026 to 0.0412 per capita/year 

versus US$0.46 per capita/year for water fluoridation [37], assuming a cost-

benefit ratio of 1:10 to 1:14 [38]. All these aspects allow the implementation of 

this community-based method of fluoridation in virtually any settings. The 

disadvantages of salt fluoridation, nonetheless, are related to wide variations in 

fluoride concentrations in commercially available salts [39], which can lead to 

under or over exposure to fluoride, both of which are undesirable situations 

considering benefits and risks, respectively. Such variations might be associated 

with difficulties in the manufacturing process and/or lack of adequate inspection 

by health authorities. In this sense, it is important to stand out that fluctuations in 

fluoride concentrations have also been reported for fluoridated water, and that 

the implementation of strategies for external control over the fluoridation has 

shown to be effective in reducing such variations [40]. This suggests that similar 

approaches could be adopted for fluoridated salt in order to assure 

concentrations that are effective for caries, and safe concerning the risk of 

fluorosis. 
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Another disadvantage is related to the amount of salt consumed on a daily 

basis by each individual. Since this aspect is strongly influenced by personal 

preference, a precise estimation of daily fluoride exposure from this source 

becomes difficult, which constitutes a challenge for health authorities when 

balancing risks and benefits. Furthermore, due to growing concerns on 

cardiovascular diseases related to over consumption of sodium choride [41], the 

WHO recommends that the daily intake of salt should not exceed 5 g [42]. Given 

that fluoride concentrations in table salts were based on a daily consumption of 

10-12 g per day [43], it is rational to assume that the reduction in salt consumption 

endorsed by the WHO may impact the protective effect of this measure.  This 

scenario, therefore, would demand new estimates of fluoride concentrations in 

table salts, which would have to be tested in short- and long-term protocols to 

assess total fluoride exposure and bioavailability. Protocols assessing historical 

and recent biomarkers, including saliva, dental biofilm, hair, nails and urine, could 

bring important data concerning the safety of such changes [44].  

While dental fluorosis has specific window of susceptibility (ranging from 11 

months to 7 years of age) [45], dental caries is a biofilm- and sucrose-dependent 

disease caused by fluctuations in biofilm pH, which lead to de- and re-

mineralization of tooth surfaces [46]. Thus, the window of susceptibility to dental 

caries spams the entire individual’s life, from the eruption of the first tooth to 

death, if the risk factors exceed the protective factors [47]. In this sense, despite 

the present review only included studies conducted in children and/or 

adolescents, a study was carried out with recruits demonstrated that individuals 

who consumed fluoridated salt from the age of 5 years presented ~30% fewer 

caries lesions compared with those who did not [48]. This indicates that the 

benefits of fluoride exposure from this source are not restricted to the first two 

decades of life, but instead are reflected throughout life, including adults and the 

elderly. However, given the limited scope of the present review regarding age of 

the participants, studies assessing the benefits of this community-based measure 

in the adult population could be instructive in directing public health measures. 

This is especially needed considering that preventive measures (such as topical 

fluoride application) for caries control are usually focused on pre-school and 

school children, with lesser or no measures directed to other age groups. 
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A final point that deserves comment is related to the novelty of the present 

review. The last systematic review on the effectiveness of fluoridated salt for the 

prevention of caries was published in 2010 [7]. The 12-year period between the 

present and the previous review allowed the inclusion of six new studies, out of 

which two had longitudinal protocols, the latter bringing unprecedented 

information under more controlled experimental conditions. In addition, to the 

best of our knowledge, this is the first systematic review assessing the effects of 

fluoridated salt on dental fluorosis. This is extremely important from clinical and 

epidemiological standpoints, as it simultaneously assessed both risks and 

benefits of this community-based measure.   

To sum up, the low quality of evidence and the cross-sectional nature of most 

of the studies included in the review indicated limited evidence on the risks and 

benefits of salt fluoridation, so that any conclusions should be interpreted in light 

of these limitations. Nonetheless, the results of the MAs clearly indicated that use 

of fluoridated salt is an effective strategy for the control of dental caries, being 

comparable to water fluoridation. Furthermore, it can be regarded to be as safe 

as fluoridated water concerning the risk of dental fluorosis, despite the low 

number of studies that contributed for this analysis. Thus, based on the evidence 

gathered in the present review, there is reason to believe that this strategy should 

be maintained in countries in which salt fluoridation is already present as a 

community-based fluoridation scheme. It could also be implemented in countries 

where the access to dental health services is precarious, especially in those 

where no other systemic sources of fluoride are available.   

5. Other Information 

Protocol and registry 

This study was registered in PROSPERO database (registry 

CRD42015027689) and followed the PRISMA guidelines on the Preferred 

Reporting Items for Systematic reviews and Meta-Analyses [49]. 
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Figure 1. Flow diagram of the study. 
 

 

 

Figure 2. Chance of dental caries in individuals exposed to fluoridated salt, 

compared to positive (fluoridated water) and negative (no community measure) 

controls. 
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Figure 3. Mean difference of DMFT of in individuals exposed to fluoridated salt, 
compared to positive (fluoridated water) and negative (no community measure) 
controls. 

 

 

Figure 4. Mean difference of dmft of in individuals exposed to fluoridated salt, 

compared to negative control (no community measure). 
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Table 1. Summarized data collected from the selected studies 

Author, 
year Country Study design Age of 

participants 

Number of 
participants 

using 
fluoridated 

salt 

Number of 
participants 
NOT using 
fluoridated 

salt 

Evaluation 
Criteria Control group Results Main conclusions 

 

Betancourt-
Lineares et 

al., 2013 
Mexico Cross-

sectional 
12-15 years 

old 4,793 12,218 
Dental 

fluorosis 
(Dean’s index) 

Fluoridated 
water 

Mean fluorosis prevalence of 27.9% (95% CI 
24.4, 28.5). The lowest prevalence was 

detected in Morelos (3.2%, exposed to FS) 
and the highest, in Durango (88.8%, exposed 

to naturally fluoridated water at above-optimum 
fluoride levels). 

Fluorosis prevalence and 
severity was higher in states 

consuming fluoridated water at 
above-optimum fluoride levels. 

 

Büchel 
Kathrin et 
al., 2011 

Switzerland Cross-
sectional 12 years old 365 373 

Dental 
fluorosis (TF 

index) 

Fluoridated 
water 

31.9% of schoolchildren studied in 1999 in 
Basel-Stadt (fluoridated water) and Basel-

Landschaft (FS) showed fluoride-associated 
enamel opacities. 

The fluorosis prevalence was 
identical in both cantons, 
regardless the fluoridation 

scheme used. 

 

Cahen et 
al., 1993 France Cross-

sectional 
6-15 years 

old 18,786 19,366 
Dental caries 
(DMFT/DMFS 

indexes) 

Negative 
control* 

After introduction of salt fluoridation, a 
decrease of 28.7% in dmft score was shown in 
children 6-years old. For 12-years old children 

the corresponding decrease was 38,0%. 

A significant 
decline in dental caries in 

France became evident after 
salt fluoridation, both for  

primary and in permanent 
teeth. 

 

de Crousaz 
et al., 1985 Switzerland Cross-

sectional 
8-14 years 

old 842 875 
Dental caries 
(DMFT/DMFS 

indexes) 

Negative 
control* 

At the age of 12-years, children had a DMFT 
score of 5.65 in 1970 (negative control) and 

2.96 in 1982 (FS). 

The average caries prevalence 
of the test group (FS) was 

lower than that 
of the corresponding control 
groups (negative control). 

 

Estupiñan-
Day et al., 

2001 
Jamaica Cross-

sectional 
6, 12 and 15 

years old 1,113 1,220 
Dental caries 
(DMFT/dmft 

indexes) 

Negative 
control* 

The mean DMFT scores in children 6, 12 and 
15 years of age were lower (0.22, 1,08 and 

3.02, respectively) in 1995 (FS) than the 
corresponding scores of 1.71, 6.72 and 9.60 
obtained at the baseline examination in 1984 

(negative control). 

A significant decline in dental 
caries was observed comparing 
the findings of 1984 (negative 

control) and 1995 (FS).  

 

Fabien et 
al., 1996 France Cross-

sectional 9 years old 3,600 107 
Dental caries 
(DMFT/DMFS
/dmft indexes) 

Negative 
control* 

At the age of 9-years, children consuming FS 
had DMFT score of 0.53 and children in the 
negative control group had a DMFT score of 

0.61. Considering primary teeth, the dmft 
scores were 0.91 and 1.41, respectively. 

A significant reduction 
observed for dmft in children 
exposed to FS. No significant 

differences observed for DMFT 
and DMFS data. 
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Fabruccini 
et al., 2016 

Brazil and 
Uruguai 

Cross-
sectional 12 years old 1,154 1,528 Dental caries 

(DMFT index) 
Fluoridated 

water 

For children at age 12-years, DMFT scores 
were 1.29 in Porto Alegre (fluoridated water) 

and 1.70 in Montevideo (FS). 

Schoolchildren 
exposed to FS had significantly 

higher likelihood of having 
caries 

than those exposed to 
fluoridated water. 

 

Irigoyen 
and 

Sánchez-
Hinojosa, 

2000 

Mexico Cross-
sectional 12 years old 1,138 2,275 

Dental caries 
(DMFT/DMFS 

indexes) 

Negative 
control* 

The mean DMFT index was 4.39 in 1988 
(negative control) and 2.47 in 1997 (FS); 

caries reduction after implementation of salt 
fluoridation was 43.7%. 

Since the implementation of 
FS, the caries prevalence and 
treatment needs in the State of 

Mexico have decreased. 

 

Irigoyen et 
al., 2012 Mexico Cross-

sectional 
6-10 and 12 

years old 16,882 9,798 
Dental caries 
(DMFT/dmft 

indexes) 

Negative 
control* 

For the negative control group (first survey), 
dmft and DMFT values were 3.86 and 1.03, 

respectively. For the FS group (second 
survey), the corresponding values were 2.36 

and 0.35, corresponding to 
reductions of 38.9% and 66.0%, respectively. 

A decrease in dental caries 
rates was detected, especially 

in permanent dentition. The 
increase in fluoride availability 

probably contributed to this 
decrease. 

 

Jordan et 
al., 2017 Gambia 

Prospective, 
controlled, 

interventional 
2 years follow-

up 

3-5 years old 304 137 Dental caries 
(dmft index) 

Negative 
control* 

After 12 months, 
mean caries incidence per person was 1.29 

∆d3/4mft in the test group (FS) and 3.83 
∆d3/4mft  in the control group (negative control). 

The caries-prevented fraction was 66.3%. 

The use of FS in the schools in 
Gambia resulted in a caries-

protective effect in 3-5 year-old 
children. 

 

Mansilla, 
2008 Peru Cross-

sectional 12 years old 104 78 Dental caries 
(DMFT index) 

Negative 
control* 

The average caries index (DFMT) in 
schoolchildren was 8.18 (FS) and 14.80 

(negative control).  

The population consuming FS 
had a significant reduction in 

the presence of carious lesions. 
 

Marthaler 
et al., 1977 Switzerland Cross-

sectional 
7-15 years 

old 501 596 
Dental caries 
(DMFT/DMFS 

indexes) 

Fluoridated 
tablet 

In the community of Yverdon (canton of Vaud), 
the percentage of children with caries 

decreased by 30.1% after the introduction of 
FS as the only fluoridated measure (1974), 

compared with data obtained in 1970 (use of 
fluoridated tablets). In other 3 communities 

(from the cantons of Fribourg and Neuchâtel) 
where fluoridated tablets were still used in 

association with other preventive measures, 
the corresponding decreases were 19.6, 22.3 

and 28.2%.  

Children from the 
canton of Vaud presented lower 
percentage of caries compared 
with those from the cantons of 

Fribourg and Neuchâtel. 
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Momeni et 
al., 2007 Germany Cross-

sectional 12 years old 627 571 Dental caries 
(DMFT index) 

Negative 
control* 

Children using FS presented a DMFT score of 
0.63, while those not exposed to this measure 
(negative control) had a DMFT index of 0.92. 

Significantly lower DMFT in 
children exposed to FS 

compared to those who did not. 
 

Sagheri et 
al., 2007 

Ireland/Ger
many 

Cross-
sectional 12 years old 206 377 Dental caries 

(DMFT index) 
Fluoridated 

water 

In Dublin (fluoridated water) the mean DMFT 
was 0.80, while in Freiburg (FS), the 

corresponding value was 0.69.  

The use of FS should be 
adopted where water 

fluoridation is not feasible. 
 

Sagheri et 
al., 2007 

Ireland/Ger
many 

Cross-
sectional 12 years old 206 377 

Dental 
fluorosis 

(Dean’s index) 

Fluoridated 
water 

The prevalence of fluorosis in children of 
Dublin (fluoridated water) was 25.5%, and in 
Freiburg (children using FS) it was 19.4%. 

The prevalence of aesthetically 
important DF (‘Mild’ and 

‘Moderate’) was low and similar 
in both communities (using 

either FS or water). 

 

Salas- 
Pereira et 
al., 2008 

Costa Rica Cross-
sectional 

12 and 15 
years old 1,250 1,249 

Dental 
fluorosis 

(Dean’s index) 

Negative 
control* 

Prevalence of enamel fluorosis (very mild or 
higher) at the age of 12 year was 17% (for 

teeth 13 to 23) and 32% (when teeth 14 and 
24 were included). At the age of 15 years, the 

corresponding figures were 12% and 25%, 
respectively. 

The prevalence and severity of 
enamel fluorosis increased in 

the cohort born after FS 
implementation.  

 

Schulte et 
al., 2001 

Germany 
and France 

Cross-
sectional 12 years old 927 716 

Dental caries 
(DMFT/DMFS 

indexes) 

Negative 
control* 

DMFT scores of children living in Heidelberg 
and Montpellier consuming FS was 1.32 and 
1.84, respectively. For children in the same 

cities but not using FS (negative control), the 
corresponding scores were 1.71 and 1.38, 

respectively.  

Increasing the use of FS would 
be a good strategy to reduce 

the dental caries levels in 
children in both cities. 

 

Stephen et 
al., 1999 Hungary Cross-

sectional 14 years old 49 59 

Dental caries 
(DMFT/DMFS 

indexes) 
Dental 

fluorosis (TF 
index) 

Negative 
control* 

In 1997, mean DMFS score was 9.18 for 
children who were exposed to FS from birth to 

the age of 2.3-4.8 years in 1985 (when the 
measure was ceased). The corresponding 

value for children not exposed to FS was 4.51. 
Prevalence of fluorosis was very low in both 
groups (3 children exposed to FS and 2 from 

the negative control).  Fluoridated tablets were 
available to both groups in 1987. 

No difference was found in the 
presence of fluorosis in anterior 
teeth between the two groups. 
No caries-preventive benefit 

was apparent after 11.5 years 
after the use of FS was ceased. 

Caries prevalence was social 
class-related (higher scores in 
children living in rural areas). 
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Warpeha et 
al., 2001 Jamaica Cross-

sectional 
6, 12 and 15 

years old 1,049 1,220 
Dental caries 
(DMFT/dmft 

index) 

Negative 
control* 

Data from 1984 and 1995 showed reductions 
of 52% in dfmt, and 84% and 68% in DMFT in 
6-, 12- and 15-year-old children, respectively. 

FS was introduced in 1987. 

An epidemiological transition 
was observed between 1984 
(severe and highly prevalent 

dental caries), and 1995 (less 
prevalent and concentrated in a 

smaller proportion of the 
population). 

 

 

Wennhall 
et al., 2014 Sweden 

Prospective 
study 

2-year follow-
up 

12-14 years 
old 384 349 Dental caries 

(DMFT index) 
Negative 
control* 

The ∆DFS score in children attending a school 
where FS was available was 1.05, while that 
for children attending a school without this 

measure (negative control) was 1.12.  

There were no significant 
differences in total caries 

increment or proximal 
progression rate between the 

two schools. A negative 
correlation between the 

amount of delivered salt and 
caries progression rate was 

noted. 

 

*Negative control: those exposed (positive control) or not (negative control) to another community fluoridation measure. 

FS: fluoridated salt.
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Table 2. Certainty of evidence of the studies included in the meta-analyses using the GRADE tool 

Certainty assessment Effect 
Certainty Number of studies 

and study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations 

Relative 
(95% CI) 

Absolute 
(95% CI) 

Dmft 
4 

observational studies 
serious a serious b serious c serious d none - MD 1.45 lower 

(2.62 lower to 0.29 
lower) 

⨁◯◯◯ 
VERY LOW 

Caries OR - Negative control 
7 

observational studies 
very serious e very serious b,f serious c serious g strong association OR 0.41 

(0.30 to 0.57) 
0 fewer per 1.000 
(from 1 fewer to 0 

fewer) 

⨁◯◯◯ 
VERY LOW 

Caries OR - Positive control 
2 

observational studies 
not serious very serious b,f serious c not serious none OR 1.12 

(0.97 to 1.29) 
1 fewer per 1.000 
(from 1 fewer to 1 

fewer) 

⨁◯◯◯ 
VERY LOW 

DMFT - Negative control 
8 

observational studies 
not serious very serious b,f serious c serious d none - MD 1.98 lower 

(2.84 lower to 1.11 
lower) 

⨁◯◯◯ 
VERY LOW 

DMFT - Positive control 
2 

observational studies 
not serious serious b,h serious c not serious none - MD 0  

(0.17 lower to 0.17 
higher) 

⨁◯◯◯ 
VERY LOW 

Legends: CI: Confidence interval; MD: Mean difference; OR: Odds ratio. (a) All studies included presented some type of risk of bias that could influence in outcome; (b) Considerable heterogeneity; 
(c) Results could not be extrapolated to adults; (d) Upper and/or lower confidence limit crosses the effect size of 0.5 in either direction; (e) Analysis including only 'low risk of bias' studies change 
result significance; (f) Wide variation in the effect estimates across studies with little overlap between studies confidence interval; (g) Upper and/or lower limits of confidence interval is greater than 
25% of effect; (h) Some variation in the effect estimates across studies. 
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Table 3. Quantitative results and certainty of evidence for chance of fluorosis in 

individuals exposed to fluoridated salt, compared to positive (fluoridated water) 

and negative (no community measure) controls, using fixed effects 

Approach regarding the 

“questionable” classification of 

Dean’s index  

Number of 

studies 
OR CI p value I2 

Certainty 

of 

evidence 

“Questionable” considered as with fluorosis 

Negative Controls * 2 1.58 1.31 – 1.91 <0.0001 0% ⨁◯◯◯ 

Positive controls 2 0.84 0.64 – 1.11 0.22 15% ⨁◯◯◯ 

“Questionable” considered as without fluorosis 

Negative Controls 2 1.50 1.21 – 1.88 <0.0003 0% ⨁◯◯◯ 

Positive controls 2 0.77 0.47-1.25 0.29 60% ⨁◯◯◯ 

“Questionable” excluded 

Negative Controls 2 1.57 1.26 – 1.97 <0.0001 0% ⨁◯◯◯ 

Positive controls 2 0.76 0.46 – 1.27 0.3 62% ⨁◯◯◯ 

*Negative control: comparison with participants not exposed to any type of community fluoride. 

# Positive control: comparison with participants not exposed to fluoridated salt however, were exposed to other methods 

of community fluoride 
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Appendix S1 
Table 1.  Description of the search strategy for each database  

Database Search Strategy 

PubMed  

 

#1 (((((((((((((((Child[MeSH Terms]) OR Child[Title/Abstract]) OR 
Adolescent[MeSH Terms]) OR Adolescent[Title/Abstract]) OR 
Adult[MeSH Terms]) OR Adult[Title/Abstract]) OR 
Children[Title/Abstract]) OR Preschool[Title/Abstract]) OR 
Adolescents[Title/Abstract]) OR Adults[Title/Abstract]) OR 
Young[Title/Abstract])) AND ((prevalence[MeSH Terms]) OR 
prevalence[Title/Abstract])) 

 

#2 (((((((((((((((((((((sodium chloride, dietary[MeSH Terms]) OR Sodium 
chloride, dietary[Title/Abstract]) OR Fluorides[MeSH Terms]) OR 
Fluorides[Title/Abstract]) OR Fluoridation[MeSH Terms]) OR 
Fluoridation[Title/Abstract]) OR Cariostatic Agents/administration and 
dosage[MeSH Terms]) OR Cariostatic Agents/administration and 
dosage[Title/Abstract]) OR Cariostatic Agents/therapeutic use[MeSH 
Terms]) OR Cariostatic Agents/therapeutic use[Title/Abstract]) OR 
Fluorides/administration and dosage[MeSH Terms]) OR 
Fluorides/administration and dosage[Title/Abstract]) OR 
Fluorides/therapeutic use[MeSH Terms]) OR Fluorides/therapeutic 
use[Title/Abstract]) OR Table Salt[Title/Abstract]) OR Salt, 
Table[Title/Abstract]) OR Fluorine[Title/Abstract]) OR 
Fluoride[Title/Abstract]) OR Salt Fluoridation[Title/Abstract]) OR 
Fluoridated Salt[Title/Abstract]) OR Systemic Fluoride[Title/Abstract])))  

 

#3 (((((((((((animal experimentation[MeSH Terms]) OR animal 
experimentation[Title/Abstract]) OR iodine[MeSH Terms]) OR 
iodine[Title/Abstract]) OR Hypertension[MeSH Terms]) OR 
Hypertension[Title/Abstract]) OR Thyroid Gland[MeSH Terms]) OR 
Thyroid Gland[Title/Abstract]) OR in vitro[Title/Abstract]) OR in 
situ[Title/Abstract]) OR iodization[Title/Abstract]) 

 

#1 AND #2 NOT #3 

Scopus 

 

#1 ( ( TITLE-ABS-KEY ( child )  OR  TITLE-ABS-KEY ( adolescent )  OR  
TITLE-ABS-KEY ( adult )  OR  TITLE-ABS-KEY ( children )  OR  TITLE-
ABS-KEY ( preschool )  OR  TITLE-ABS-KEY ( adolescents )  OR  TITLE-
ABS-KEY ( adults ) OR  TITLE-ABS-KEY ( young ) ) )  AND  ( TITLE-
ABS-KEY ( prevalence ) )   
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#2 ( ( TITLE-ABS-KEY ( sodium  chloride,  dietary )  OR  TITLE-ABS-
KEY ( fluorides )  OR  TITLE-ABS-KEY ( fluoridation )  OR  TITLE-ABS-
KEY ( "Cariostatic Agents/administration and dosage" )  OR  TITLE-ABS-
KEY ( "Cariostatic Agents/therapeutic use" )  OR  TITLE-ABS-KEY ( 
"Fluorides/administration and dosage" )  OR  TITLE-ABS-KEY ( 
"Fluorides/therapeutic use" )  OR  TITLE-ABS-KEY ( "Table Salt" )  OR  
TITLE-ABS-KEY ( "Salt, Table" )  OR  TITLE-ABS-KEY ( fluorine )  OR  
TITLE-ABS-KEY ( fluoride )  OR  TITLE-ABS-KEY ( salt  fluoridation )  
OR  TITLE-ABS-KEY ( fluoridated  salt )  OR  TITLE-ABS-KEY ( systemic  
fluoride ) ) )   

 

#3 ( ( TITLE-ABS-KEY ( animal  experimentation )  OR  TITLE-ABS-KEY 
( iodine )  OR  TITLE-ABS-KEY ( hypertension )  OR  TITLE-ABS-KEY ( 
thyroid  gland )  OR  TITLE-ABS-KEY ( in  vitro )  OR  TITLE-ABS-KEY ( 
in  situ )  OR  TITLE-ABS-KEY ( iodization ) ) )   

 

#1 AND #2 AND NOT #3 

Web of 
Science 

 

#1 (Child) OR (Adolescent) OR (Adult) OR (Preschool) OR (Children) OR 
(Adolescents) OR (Adults) OR (Young) 

 

#2 (prevalence) 

 

#3 ("Sodium chloride, dietary") OR (Fluorides) OR (Fluoridation) OR 
("Cariostatic Agents/administration and dosage") OR ("Cariostatic 
Agents/therapeutic use") OR ("Fluorides/administration and dosage") OR 
("Fluorides/therapeutic use") OR ("Table Salt") OR (Fluorine) OR 
(Fluoride) OR ("Salt Fluoridation") OR ("Fluoridated Salt") OR ("Systemic 
Fluoride") 

 

#1AND #2 AND #3 

Cochrane 

 

#1 Child OR Adolescent OR Adult OR Children OR Preschool OR 
Adolescents OR Adults OR Young 

 

#2 prevalence 
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#3 (sodium chloride, dietary) OR Fluorides OR Fluoridation OR 
(Cariostatic Agents) OR  (Table Salt) OR (Salt, Table) OR Fluorine OR 
Fluoride OR (Salt Fluoridation) OR (Fluoridated Salt) OR (Systemic 
Fluoride)  

 

#4: (animal experimentation) OR iodine OR Hypertension OR (Thyroid 
Gland) OR (in vitro) OR (in situ) OR iodization 

 

#1 AND #2 AND #3 NOT #4 

Embase  

 

#1: 'child'/exp OR (child of impaired parents) OR children OR (single 
parent child) OR 'adolescent'/exp OR (adolescent, institutionalized) OR 
(institutionalised adolescent) OR (institutionalized adolescent) OR 
teenager OR 'adult'/exp OR (grown-ups) OR grownup OR grownups 

 

#2: 'prevalence'/exp OR (prevalence study) 

 

#3: 'salt intake'/exp OR (dietary salt) OR (dietary sodium chloride) OR 
(intake, salt) OR (sodium chloride intake) OR (sodium chloride, dietary) 
OR 'fluoride'/exp OR (fluoride binding) OR (fluoride content) OR (fluoride 
derivative) OR (fluoride uptake) OR (fluorides) OR (hydrofluoride) OR 
(karitane fluoride tablets) OR 'fluoridation'/exp OR (drinking water 
fluoridation) OR  (fluoridation, water) OR (fluoridization) OR (water 
fluoridation) OR 'anticaries agent'/exp OR (anticaries vaccine) OR 
(cariostatic agent) OR (cariostatic agents) 

 

#4: 'animal experiment'/exp OR (animal experimentation) OR (animal 
studies) OR (animal study) OR (animal trial) OR (experiment, animal) OR 
(physical conditioning, animal) OR 'iodine'/exp OR 'hypertension'/exp OR 
'thyroid gland'/exp OR (glandula thyroidea) OR thyroid  

 

#1 AND #2 AND #3 AND [embase]/lim NOT #4 

Lilacs and 
BBO 

 

#1:   MH:Criança OR Criança$ OR Child OR Niño OR MH:C26.130$ OR 
MH:F03.080.931.124$ OR MH:Adolescente OR Adolescente$ OR 
Adolescent OR MH:M01.060.057$ OR MH:Adulto OR Adulto$ OR Adult 
OR MH:M01.060.116$ 
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#2: MH:Prevalência OR Prevalência OR Prevalence OR Prevalencia OR 
MH:E05.318.308.985.525.750$ OR MH:L01.280.975.525.750$ OR 
MH:N01.224.935.597.750$ OR MH:N06.850.505.400.975.525.750$ OR 
MH:N06.850.520.308.985.525.750$ OR MH:SP4.001.012.153.244.155$ 
OR MH:SP5.001.032.063$ 

 

#3: MH:"Cloreto de Sódio na Dieta" OR (Cloreto de Sódio na Dieta) OR 
(Sodium Chloride, Dietary) OR (Cloruro de Sodio Dietético) OR (Sal de 
Cozinha) OR MH:D01.857.650.705$ OR MH: D01.857.700.705$ OR 
MH: VS2.001.001.002.003$ OR MH: Fluoretos  OR Fluoretos OR 
Fluorides OR Fluoruros OR MH:D01.248.497.158.380$ OR MH: 
D01.303.350.300$ OR SP4.011.097.039.764$ OR MH: Fluoretação OR 
Fluoretação OR Fluoridation OR Fluoruración OR MH:E06.761.382$ OR 
MH:E06.761.382$ OR MH:N06.890.235$ OR 
MH:SP4.021.202.133.779$ OR MH:VS4.001.001.002.002.002$ OR MH: 
Cariostáticos OR Cariostáticos OR (Cariostatic Agents) OR Cariostáticos 
OR MH:D25.223$ OR MH:D27.505.696.706.222$ OR MH: 
D27.720.102.223$ OR MD:D27.720.799.113$ OR 
MD:J01.637.051.223$ 

 

#4: MH:"Experimentação Animal" OR (Experimentação Animal) OR 
(Animal Experimentation) OR (Experimentación Animal) OR 
MH:E05.017$ OR MH:H01.770.644.053$ OR 
MH:VS3.003.001.006.005.003.002$ OR MH:Iodo OR Iodo OR Iodine OR 
Yodo OR MH:D01.268.380.400$ OR MH:SP4.011.097.063.999$ OR 
MH:SP4.021.202.133.794.825$ OR MH:Hipertensão OR Hipertensão 
OR Hypertension OR Hipertensión OR MH:C14.907.489$ OR 
MH:Glândula Tireoide OR Glândula Tireoide OR Thyroid Gland OR 
Glándula Tiroides OR HM:A06.407.900$         

 

#1 AND #2 AND #3 NOT #4   

ProQuest 

 

 

"salt fluoridation" AND Fluoridation AND prevalence 

 

 

Open 
Gray 

 

 

(prevalence) AND (Sodium chloride, dietary OR fluorides OR 
Fluoridation OR Cariostatic Agents) 
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Clinical 
Trials  

 

salt fluoridation 

 

 

 

Appendix S2 

Table 1. Description of the studies excluded from the review 

 

Author 
Year of 

publication 
Reasons for exclusion 

Angulo et al. 2019 

A descriptive, cross-sectional study. All participants 

consumed fluoridated salt and therefore, no control group was 

evaluated. 

Cahen et al. 1989 

National survey assessing dental caries prevalence in 

children of 6-to-15-years-old consuming fluoridated salt for 
one year. No control group was evaluated. 

Casanova-

Rosado et 

al. 

2013 

The study assessed the prevalence of dental fluorosis in eight 

birth cohorts in Mexican schoolchildren. Data referred to the 

number of children evaluated by age groups were missing. 

Author was contacted, but unsuccessfully. 

Cook et al. 2008 

The study assessed the dental caries experience in children 

living in 5 villages in Mexico. In all villages there was both 

fluoridated water and salt available. Excluded due to 

overlapping of fluoride sources. 

El Mir et al. 2020 
Participants were exposed to fluoridated water, fluoride 
suplements and fluoridated salt. Excluded due to overlapping 

of fluoride sources. 

García-

Perez et al. 
2013 

A descriptive, cross-sectional. All participants were examined 

in 2010 and consumed fluoridated salt and fluoridated water 

and therefore, there was an ovellaping of fluoride sources and 
no control group. 
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Irigoyen-

Camacho 
1997 

All participants consumed fluoridated salt and therefore, no 

control group was evaluated. 

Jimenez-

Farfan et al. 
2011 

Participants were exposed to fluoridated water and fluoridated 

salt. Excluded due to overlapping of fluoride sources. 

Marthaler et 

al. 
1975 

Same study published in 1977 (included) with different title, 

language and journal. 

Marthaler et 

al. 
2005 Literature review. 

Mejia et al. 1976 
Missing data referred to population of the study. Author was 

contacted, but unsuccesfully. 

Menghini et 

al. 
1991 

The study assessed dental caries in military recruits from 

three cantons (Zurich, Vaud and Basileia). Fluoridated salt 
was only available in the canton of Vaud but another 

preventive measures were also available and, therefore, an 

overlapping was identified. 

Menghini et 

al. 
1994 

Participants consumed fluoridated salt and also had access to 

other preventive measures. Therefore, there was as an 

ovellaping of fluoride sources and control group not well 
established. 

Menghini et 

al. 
1995 

Participants consumed fluoridated salt, but had access to 

other preventive measures. Therefore, there was as an 

ovellaping of fluoride sources and control group not well 

established. 

Menghini et 

al. 
2005 

Not all participants of the study consumed fluoridated salt, and 

dental caries prevalence did not separate the groups 

considering this variable. 

Meyer-

Lueckel et 

al. 
2002 

Descriptive and cross-sectional study. All participants 

consumed fluoridated salt and, therefore, no control group 
was evaluated. 

Meyer-

Lueckel et 

al. 

2010 
Children evaluated consumed fluoridated salt and fluoridated 

tablets. Excluded due to overlapping of fluoride sources. 

Obry-Musset 1998 Literature review. 
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Pérez-Pérez 

et al. 
2017 

Participants were exposed to fluridated salt and fluoridated 

water. Excluded due to overlapping of fluoride sources. 

Solórzano et 

al. 
2005 

Descriptive study. All participants consumed fluoridated salt 

and, therefore, no control group was evaluated. 

Stephen et 

al. 
1998 

Same study published in 1999 (included) with different title, 

language and journal. 

Tramini 2005 Literature review. 

Tubert-

Jeannin et 

al. 

2009 

Only 29.5% of the families included in the study were sure 

about the consumption of fluoridated salt, and 17.8% did know 

whether they used it or not. Therefore, the group exposed was 

not clearly defined. 

Vallejos-
Sanchez et 

al. 

2006 
Missing data about the number of children per age group (6-
12-years old). Author was contacted, but unsuccesfully. 

Clerehugh et 

al. 
1983 

Population was only exposed to fluoridated water, and no 

groups were exposed to fluoridated salt. 

Velázquez et 

al. 
2003 

The study used the same data of national surveys of Mexico 

published in other studies included in the present review. 

Author was contacted, but unsuccesfully. 

*Negative control: those exposed (positive control) or not (negative control) to another 

community fluoridation measure. 

FS: fluoridated salt. 
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Considerações Finais 
CONSIDERAÇÕES FINAIS 

A fluoretação do sal é uma medida comunitária em geral bem aceita pela 

população com o objetivo de prevenção de cárie dentária. Está atualmente 

presente em muitos países, tem um bom custo-benefício e possibilidade de 

promover uma exposição adequada ao flúor. As desvantagens desse método 

incluem as variáveis concentrações de flúor encontradas no sal de cozinha e 

também a orientação de restrição de sal que alguns indivíduos necessitam fazer.  

Considerando todos esses fatores, a última revisão sistemática que havia 

sido publicada anteriormente a essa, que avaliava a eficácia do sal fluoretado na 

prevenção da cárie dentária foi publicada em 2010. Além disso, essa é a primeira 

que avaliou o efeito do sal fluoretado na fluorose dentária.  

Esses resultados são muito importantes do ponto de vista epidemiológico e 

de saúde pública, pois avaliou os riscos e benefícios dessa medida comunitária.  

Embora a qualidade da evidência seja baixa, com a inclusão de poucos ensaios 

clínicos, foi possível sugerir que o uso de SF promova um efeito na prevenção 

da cárie dentária comparável a AF, além de não promoter aumento do risco de 

fluorose quando comparado a AF. 

Portanto, baseado nas evidências atuais, há razões e benefícios da 

manutenção da fluoretação do sal nos países onde ela já está popularizada. 

Ademais, pode ser uma estratégia complementar em países com altos índices 

de cáries dentárias, com dificuldade de acesso ao Sistema de saúde bucal, 

especialmente onde não há outras fontes de flúor disponíveis.  
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or collaborated with you during the last three years. Editors do not invite reviewers 
who have potential competing interests with the authors. Further, in order to 
provide a broad and balanced assessment of the work, and ensure scientific rigor, 
please suggest diverse candidate reviewers who are located in different 
countries/ regions from the author group. Also consider other diversity attributes 
e.g. gender, race and ethnicity, career stage, etc. Finally, you should not include 
existing members of the journal's editorial team, of whom the journal are already 
aware.  
Note: the editor decides whether or not to invite your suggested reviewers.  
PREPARATION  
Queries  
For questions about the editorial process (including the status of manuscripts 
under review) or for technical support on submissions, please visit our Support 
Center.  
Peer review  
This journal operates a double anonymized review process. All contributions will 
be initially assessed by the editor for suitability for the journal. Papers deemed 
suitable are then typically sent to a minimum of two independent expert reviewers 
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to assess the scientific quality of the paper. The Editor is responsible for the final 
decision regarding acceptance or rejection of articles. The Editor's decision is 
final. Editors are not involved in decisions about papers which they have written 
themselves or have been written by family members or colleagues or which relate 
to products or services in which the editor has an interest. Any such submission 
is subject to all of the journal's usual procedures, with peer review handled 
independently of the relevant editor and their research groups. More information 
on types of peer review.  
Double anonymized review  
This journal uses double anonymized review, which means the identities of the 
authors are concealed from the reviewers, and vice versa. More information is 
available on our website. To facilitate this, please include the following separately: 
Title page (with author details): This should include the title, authors' names, 
affiliations, acknowledgements and any Declaration of Interest statement, and a 
complete address for the corresponding author including an e-mail address.  
Anonymized manuscript (no author details): The main body of the paper 
(including the references, figures, tables and any acknowledgements) should not 
include any identifying information, such as the authors' names or affiliations.  
Use of word processing software  
It is important that the file be saved in the native format of the word processor 
used. The text should be in single-column format. Keep the layout of the text as 
simple as possible. Most formatting codes will be removed and replaced on 
processing the article. In particular, do not use the word processor's options to 
justify text or to hyphenate words. However, do use bold face, italics, subscripts, 
superscripts etc. When preparing tables, if you are using a table grid, use only 
one grid for each individual table and not a grid for each row. If no grid is used, 
use tabs, not spaces, to align columns. The electronic text should be prepared in 
a way very similar to that of conventional manuscripts (see also the Guide to 
Publishing with Elsevier). Note that source files of figures, tables and text 
graphics will be required whether or not you embed your figures in the text. See 
also the section on Electronic artwork.  
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor.  
Introduction  
The introduction must be presented in a structured format, covering the following 
subjects, although not under subheadings: succinct statements of the issue in 
question, and the essence of existing knowledge and understanding pertinent to 
the issue. In keeping with the house style of Journal of Dentistry, the final 
paragraph of the introduction should clearly state the aims and/or objective of the 
work being reported. Prospective authors may find the following form of words to 
be helpful: "The aim of this paper is to ..." Where appropriate, a hypothesis (e.g. 
null or a priori) should then be stated.  
Essential title page information  
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
You can add your name between parentheses in your own script behind the 
English transliteration. Present the authors' affiliation addresses (where the 
actual work was done) below the names. Indicate all affiliations with a lower- case 
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superscript letter immediately after the author's name and in front of the 
appropriate address. Provide the full postal address of each affiliation, including 
the country name and, if available, the e-mail address of each author.  
• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. This responsibility 
includes answering any future queries about Methodology and Materials. Ensure 
that the e-mail address is given and that contact details are kept up to date 
by the corresponding author.  
• Present/permanent address. If an author has moved since the work described 
in the article was done, or was visiting at the time, a 'Present address' (or 
'Permanent address') may be indicated as a footnote to that author's name. The 
address at which the author actually did the work must be retained as the main, 
affiliation address. Superscript Arabic numerals are used for such footnotes.  
The title page should contain the following information: 
- Title of paper 
- Short title 
- Name(s), job titles and address(es) of author(s) (no academic degrees 
necessary) - Name, address, telephone, fax and e-mail of the corresponding 
author  
- Up to 6 keywords 
Spelling: International English. 
Authors are urged to write as concisely as possible.  
The house style of Journal of Dentistry requires that articles should be arranged 
in the following order: Title, Abstract, Introduction, Materials and Methods, 
Results, Discussion, Conclusions, Acknowledgements, References, Tables, 
Figures. A cover letter should accompany the new manuscript submission, 
within which the authors should indicate the significance of the work being 
submitted in a statement no more than 100 words.  
Abstract: should not exceed 250 words and should be presented under the 
following subheadings: Objectives, Methods; Results; Conclusions; Clinical 
Significance (For Reviews: Objectives; Data; Sources; Study selection; 
Conclusions; Clinical Significance). A 50 word 'Clinical Significance' statement is 
in addition to the 250 word Abstract and should appear at the end of the Abstract 
advising readers of the clinical importance and relevance of their work under the 
Abstract subheading "Clinical Significance". These subheadings should appear 
in the text of the abstract. Please repeat the title of the article at the top of the 
abstract page.  
Introduction: must be presented in a structured format, covering the following 
subjects, although not under subheadings: succinct statements of the issue in 
question, and the essence of existing knowledge and understanding pertinent to 
the issue. In keeping with the house style of Journal of Dentistry, the final 
paragraph of the introduction should clearly state the aims and/or objective of the 
work being reported. Prospective authors may find the following form of words to 
be helpful: "The aim of this paper is to ..." Where appropriate, a hypothesis (e.g. 
null or a priori) should then be stated.  
Keywords: up to 6 keywords should be supplied. 
Abbreviations and acronyms: terms and names to be referred to in the form of 
abbreviations or acronyms must be given in full when first mentioned.  
Units: SI units should be used throughout. If non-SI units must be quoted, the SI 
equivalent must immediately follow in parentheses.  
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The complete names of individual teeth must be given in the test. In tables and 
legends for illustrations individual teeth should be identified using the FDI two-
digit system.  
Statistics  
Statistical methods should be described with enough detail to enable a 
knowledgeable reader with access to the original data to verify the reported 
results. When possible, findings should be quantified, and appropriate measures 
of error or uncertainty (such as confidence intervals) given. Details about eligibility 
criteria for subjects, randomization and the number of observations should be 
included. The computer software and the statistical method(s) used should be 
specified with references to standard works when possible (with pages specified). 
See http://www.icmje.org/manuscript_1prepare.html for more detailed guidelines.  
Illustrations: should be submitted electronically using appropriate commercial 
software. Prospective authors should follow the relevant guidelines (available 
from: https://www.elsevier.com/ artworkinstructions). In addition, it is noted that 
while authors sometimes need to manipulate images for clarity, manipulation for 
purposes of deception or fraud will be seen as scientific ethical abuse and will be 
dealt with accordingly. For graphical images, journals published by Elsevier apply 
the following policy: no specific feature within an image may be enhanced, 
obscured, moved, removed, or introduced. Adjustments of brightness, contrast, 
or color balance are acceptable if and as long as they do not obscure or eliminate 
any information present in the original. Nonlinear adjustments (e.g. changes to 
gamma settings) must be disclosed in the figure legend.  
Highlights  
Highlights are optional yet highly encouraged for this journal, as they increase the 
discoverability of your article via search engines. They consist of a short collection 
of bullet points that capture the novel results of your research as well as new 
methods that were used during the study (if any). Please have a look at the 
examples here: example Highlights.  
Highlights should be submitted in a separate editable file in the online submission 
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points 
(maximum 85 characters, including spaces, per bullet point).  
Abstract  
The Abstract should not exceed 250 words and should be presented under the 
following subheadings: Objectives, Methods; Results; Conclusions. A 50 word 
'Clinical Significance' statement should appear at the end of the abstract advising 
readers of the clinical importance and relevance of their work. These 
subheadings should appear in the text of the abstract. Please repeat the title of 
the article at the top of the abstract page.  
For Review Articles the abstract should be presented under the following 
subheadings: Objectives; Data; Sources; Study selection; Conclusions.  
Graphical abstract  
Although a graphical abstract is optional, its use is encouraged as it draws more 
attention to the online article. The graphical abstract should summarize the 
contents of the article in a concise, pictorial form designed to capture the attention 
of a wide readership. Graphical abstracts should be submitted as a separate file 
in the online submission system. Image size: Please provide an image with a 
minimum of 531 × 1328 pixels (h × w) or proportionally more. The image should 
be readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 
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Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example 
Graphical Abstracts on our information site.  
Authors can make use of Elsevier's Illustration Services to ensure the best 
presentation of their images and in accordance with all technical requirements.  
Keywords  
Provide a maximum of 6 keywords, using British spelling and avoiding general 
and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing 
with abbreviations: only abbreviations firmly established in the field may be 
eligible. These keywords will be used for indexing purposes.  
Formatting of funding sources  
List funding sources in this standard way to facilitate compliance to funder's 
requirements:  
Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 
number zzzz]; and the United States Institutes of Peace [grant number aaaa].  
It is not necessary to include detailed descriptions on the program or type of 
grants and awards. When funding is from a block grant or other resources 
available to a university, college, or other research institution, submit the name 
of the institute or organization that provided the funding.  
If no funding has been provided for the research, it is recommended to include 
the following sentence:  
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.  
Artwork  
Image manipulation  
Whilst it is accepted that authors sometimes need to manipulate images for clarity, 
manipulation for purposes of deception or fraud will be seen as scientific ethical 
abuse and will be dealt with accordingly. For graphical images, this journal is 
applying the following policy: no specific feature within an image may be 
enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, 
contrast, or color balance are acceptable if and as long as they do not obscure 
or eliminate any information present in the original. Nonlinear adjustments (e.g. 
changes to gamma settings) must be disclosed in the figure legend.  
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 
Roman, Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text.  
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
• Ensure that color images are accessible to all, including those with impaired 
color vision.  
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed information 
are given here. 
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Formats 
If your electronic artwork is created in a Microsoft Office application (Word, 
PowerPoint, Excel) then please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your 
electronic artwork is finalized, please 'Save as' or convert the images to one of 
the following formats (note the resolution requirements for line drawings, 
halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum 
of 300 dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone 
(color or grayscale), keep to a minimum of 500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); 
these typically have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content.  
Color artwork  
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), 
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with 
your accepted article, you submit usable color figures then Elsevier will ensure, 
at no additional charge, that these figures will appear in color online (e.g., 
ScienceDirect and other sites) regardless of whether or not these illustrations are 
reproduced in color in the printed version. For color reproduction in print, you 
will receive information regarding the costs from Elsevier after receipt of 
your accepted article. Please indicate your preference for color: in print or online 
only. Further information on the preparation of electronic artwork.  
Illustration services  
Elsevier's Author Services offers Illustration Services to authors preparing to 
submit a manuscript but concerned about the quality of the images accompanying 
their article. Elsevier's expert illustrators can produce scientific, technical and 
medical-style images, as well as a full range of charts, tables and graphs. Image 
'polishing' is also available, where our illustrators take your image(s) and improve 
them to a professional standard. Please visit the website to find out more.  
Figure captions  
Ensure that each illustration has a caption. Supply captions separately, not 
attached to the figure. A caption should comprise a brief title (not on the figure 
itself) and a description of the illustration. Keep text in the illustrations themselves 
to a minimum but explain all symbols and abbreviations used.  
Tables  
Please submit tables as editable text and not as images. Tables can be placed 
either next to the relevant text in the article, or on separate page(s) at the end. 
Number tables consecutively in accordance with their appearance in the text and 
place any table notes below the table body. Be sparing in the use of tables and 
ensure that the data presented in them do not duplicate results described 
elsewhere in the article. Please avoid using vertical rules and shading in table 
cells.  
References  
Citation in text  
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Please ensure that every reference cited in the text is also present in the 
reference list (and vice versa). Any references cited in the abstract must be given 
in full. Unpublished results and personal communications are not recommended 
in the reference list, but may be mentioned in the text. If these references are 
included in the reference list they should follow the standard reference style of 
the journal and should include a substitution of the publication date with either 
'Unpublished results' or 'Personal communication'. Citation of a reference as 'in 
press' implies that the item has been accepted for publication.  
Reference links  
Increased discoverability of research and high quality peer review are ensured 
by online links to the sources cited. In order to allow us to create links to 
abstracting and indexing services, such as Scopus, Crossref and PubMed, 
please ensure that data provided in the references are correct. Please note that 
incorrect surnames, journal/book titles, publication year and pagination may 
prevent link creation. When copying references, please be careful as they may 
already contain errors. Use of the DOI is highly encouraged.  
A DOI is guaranteed never to change, so you can use it as a permanent link to 
any electronic article. An example of a citation using DOI for an article not yet in 
an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. 
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern 
Venezuela. Journal of Geophysical Research, 
https://doi.org/10.1029/2001JB000884. Please note the format of such citations 
should be in the same style as all other references in the paper.  
Web references  
As a minimum, the full URL should be given and the date when the reference was 
last accessed. Any further information, if known (DOI, author names, dates, 
reference to a source publication, etc.), should also be given. Web references 
can be listed separately (e.g., after the reference list) under a different heading if 
desired, or can be included in the reference list.  
Data references  
This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
name(s), dataset title, data repository, version (where available), year, and global 
persistent identifier. Add [dataset] immediately before the reference so we can 
properly identify it as a data reference. The [dataset] identifier will not appear in 
your published article.  
Preprint references  
Where a preprint has subsequently become available as a peer-reviewed 
publication, the formal publication should be used as the reference. If there are 
preprints that are central to your work or that cover crucial developments in the 
topic, but are not yet formally published, these may be referenced. Preprints 
should be clearly marked as such, for example by including the word preprint, or 
the name of the preprint server, as part of the reference. The preprint DOI should 
also be provided.  
References in a special issue  
Please ensure that the words 'this issue' are added to any references in the list 
(and any citations in the text) to other articles in the same Special Issue.  
Reference management software  
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Most Elsevier journals have their reference template available in many of the 
most popular reference management software products. These include all 
products that support Citation Style Language styles, such as Mendeley. Using 
citation plug-ins from these products, authors only need to select the appropriate 
journal template when preparing their article, after which citations and 
bibliographies will be automatically formatted in the journal's style. If no template 
is yet available for this journal, please follow the format of the sample references 
and citations as shown in this Guide. If you use reference management software, 
please ensure that you remove all field codes before submitting the electronic 
manuscript. More information on how to remove field codes from different 
reference management software.  
Reference style 
Text: Indicate references by number(s) in square brackets in line with the text. 
The actual authors can be referred to, but the reference number(s) must always 
be given. 
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different 
result ....' 
List: Number the references (numbers in square brackets) in the list in the order 
in which they appear in the text. 
Examples: 
Reference to a journal publication: 
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific 
article, J. Sci. Commun. 163 (2010) 51–59.  
https://doi.org/10.1016/j.Sc.2010.00372. 
Reference to a journal publication with an article number: 
[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a 
scientific article. Heliyon. 19, e00205.  
https://doi.org/10.1016/j.heliyon.2018.e00205. 
Reference to a book:  
[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New 
York, 2000. Reference to a chapter in an edited book: 
[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, 
in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing 
Inc., New York, 2009, pp. 281–304. Reference to a website: 
[5] Cancer Research UK, Cancer statistics reports for the UK. 
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 
2003 (accessed 13 March 2003). 
Reference to a dataset: 
[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for 
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, 
v1, 2015. https://doi.org/10.17632/ xwj98nb39r.1. 
Reference to software: 
[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. 
Manzini, E. Shelef, K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S. Karra, S. 
Painter, E. Jafarov, S. Molins, Advanced Terrestrial Simulator (ATS) v0.88 
(Version 0.88), Zenodo, March 25, 2020. https://doi.org/10.5281/ 
zenodo.3727209.  
Journal abbreviations source  
Journal names should be abbreviated according to the List of Title Word 
Abbreviations.  



 

  87 

Video  
Elsevier accepts video material and animation sequences to support and 
enhance your scientific research. Authors who have video or animation files that 
they wish to submit with their article are strongly encouraged to include links to 
these within the body of the article. This can be done in the same way as a figure 
or table by referring to the video or animation content and noting in the body text 
where it should be placed. All submitted files should be properly labeled so that 
they directly relate to the video file's content. In order to ensure that your video or 
animation material is directly usable, please provide the file in one of our 
recommended file formats with a preferred maximum size of 150 MB per file, 1 
GB in total. Video and animation files supplied will be published online in the 
electronic version of your article in Elsevier Web products, including 
ScienceDirect. Please supply 'stills' with your files: you can choose any frame 
from the video or animation or make a separate image. These will be used instead 
of standard icons and will personalize the link to your video data. For more 
detailed instructions please visit our video instruction pages. Note: since video 
and animation cannot be embedded in the print version of the journal, please 
provide text for both the electronic and the print version for the portions of the 
article that refer to this content.  
Data visualization  
Include interactive data visualizations in your publication and let your readers 
interact and engage more closely with your research. Follow the instructions here 
to find out about available data visualization options and how to include them with 
your article.  
Supplementary material  
Supplementary material such as applications, images and sound clips, can be 
published with your article to enhance it. Submitted supplementary items are 
published exactly as they are received (Excel or PowerPoint files will appear as 
such online). Please submit your material together with the article and supply a 
concise, descriptive caption for each supplementary file. If you wish to make 
changes to supplementary material during any stage of the process, please make 
sure to provide an updated file. Do not annotate any corrections on a previous 
version. Please switch off the 'Track Changes' option in Microsoft Office files as 
these will appear in the published version.  
Research data  
This journal encourages and enables you to share data that supports your 
research publication where appropriate, and enables you to interlink the data with 
your published articles. Research data refers to the results of observations or 
experimentation that validate research findings. To facilitate reproducibility and 
data reuse, this journal also encourages you to share your software, code, 
models, algorithms, protocols, methods and other useful materials related to the 
project.  
Below are a number of ways in which you can associate data with your article or 
make a statement about the availability of your data when submitting your 
manuscript. If you are sharing data in one of these ways, you are encouraged to 
cite the data in your manuscript and reference list. Please refer to the 
"References" section for more information about data citation. For more 
information on depositing, sharing and using research data and other relevant 
research materials, visit the research data page.  
Data linking  
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If you have made your research data available in a data repository, you can link 
your article directly to the dataset. Elsevier collaborates with a number of 
repositories to link articles on ScienceDirect with relevant repositories, giving 
readers access to underlying data that gives them a better understanding of the 
research described.  
There are different ways to link your datasets to your article. When available, you 
can directly link your dataset to your article by providing the relevant information 
in the submission system. For more information, visit the database linking page.  
For supported data repositories a repository banner will automatically appear 
next to your published article on ScienceDirect.  
In addition, you can link to relevant data or entities through identifiers within the 
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR: 
AT1G01020; CCDC: 734053; PDB: 1XFN).  
Data statement  
To foster transparency, we encourage you to state the availability of your data in 
your submission. This may be a requirement of your funding body or institution. 
If your data is unavailable to access or unsuitable to post, you will have the 
opportunity to indicate why during the submission process, for example by stating 
that the research data is confidential. The statement will appear with your 
published article on ScienceDirect. For more information, visit the Data Statement 
page.  
AFTER ACCEPTANCE  
Online proof correction  
To ensure a fast publication process of the article, we kindly ask authors to 
provide us with their proof corrections within two days. Corresponding authors 
will receive an e-mail with a link to our online proofing system, allowing annotation 
and correction of proofs online. The environment is similar to MS Word: in 
addition to editing text, you can also comment on figures/tables and answer 
questions from the Copy Editor. Web-based proofing provides a faster and less 
error-prone process by allowing you to directly type your corrections, eliminating 
the potential introduction of errors.  
If preferred, you can still choose to annotate and upload your edits on the PDF 
version. All instructions for proofing will be given in the e-mail we send to authors, 
including alternative methods to the online version and PDF. 
We will do everything possible to get your article published quickly and accurately. 
Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as 
accepted for publication will only be considered at this stage with permission from 
the Editor. It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any 
subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility.  
Offprints  
The corresponding author will, at no cost, receive a customized Share Link 
providing 50 days free access to the final published version of the article on 
ScienceDirect. The Share Link can be used for sharing the article via any 
communication channel, including email and social media. For an extra charge, 
paper offprints can be ordered via the offprint order form which is sent once the 
article is accepted for publication. Both corresponding and co-authors may order 
offprints at any time via Elsevier's Author Services. Corresponding authors who 
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have published their article gold open access do not receive a Share Link as their 
final published version of the article is available open access on ScienceDirect 
and can be shared through the article DOI link.  
The decision of the Editor-in-Chief is final in relation to all manuscript 
submissions. AUTHOR INQUIRIES  
Visit the Elsevier Support Center to find the answers you need. Here you will find 
everything from Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your 
accepted article will be published.  
 



 

  

 
 


