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ABSTRACT 
 

Effect of TiF4 varnish in the prevention and remineralization of caries lesions in 
permanent teeth of children living in a fluoridated region: randomized clinical 

trial of 18 months 
 

This randomized-controlled clinical trial compared the effect of TiF4 and NaF 

varnishes in the treatment of non-cavitated caries lesions and in the prevention of 

new lesions in permanent teeth. Sixty children (6-7 y/o) from 5 municipal schools of 

Bauru-SP (Brazil), according to the caries activity (at least 1 active white spot lesion), 

were selected and randomly divided into the following treatments (varnishes): 4% 

TiF4 (2.45% F-, FGM); 5% NaF (2.26% F-, Duraphat®-Colgate) or placebo (without F-, 

FGM). Varnishes were applied on permanent teeth, once a week (4 weeks); after the 

6th and 12th month. Clinical examination (Nyvad/ICDAS) and quantitative 

fluorescence changes analysis (QLF) were performed after 1 month of the treatment 

and after 6, 12 and 18 months after the beginning of the study. Patient’s satisfaction 

degree was reported after each varnish application by visual scale. Visual plaque 

index (VPI) was calculated and measured after the 3rd, 9th and 15th months. The 1st 

paper of this thesis was published in the JMIR Research Protocols showing the 

experimental design model.  Two-way RM-ANOVA, ANOVA/Tukey and χ2 were 

performed. No differences were found between treatments with respect to carious 

lesions regression/progression using Nyvad/ICDAS (p>0.05). Only TiF4 varnish was 

able to reduce the mean fluorescence loss significantly after 18 months (-14.6 ± 

4.0%) compared to the baseline value (-17.5 ± 3.9%, p=0.003). Regarding the 

prevention of new lesions, only TiF4 (99.2 ± 1.7%) presented a significantly higher 

percentage of sound surfaces at the end of the 18 months compared to placebo 

(94.9 ± 7.9%), while the NaF did not differ from the two groups (98.5 ± 2.1, 

p=0.014%). Around 97% of the participants reported being satisfied with treatments, 

regardless of varnish. The VPI percentage decreased significantly after 9 and 15 

months compared to 3 months (p<0.001). TiF4 varnish was the only treatment able to 

show beneficial effect under this study model. The 2nd article of this thesis showed 

the results and it will be sent to the International Journal of Paediatric Dentistry.  

 

Key-words: Dental Caries. Topical Fluorides. Clinical Trial. Titanium. 



 

  



 

 

RESUMO 
 

Efeito de um verniz de TiF4 na prevenção e remineralização de lesões cariosas 
na dentição permanente de crianças residentes em área fluoretada: estudo 

clínico randomizado de 18 meses 

 
Este ensaio clínico randomizado, controlado, paralelo e duplo-cego de 18 meses 

comparou o efeito do verniz de TiF4 ao do verniz de NaF no tratamento de lesões 

cariosas não cavitadas em esmalte e na prevenção de novas lesões em dentes 

permanentes. Foram selecionadas 60 crianças (6-7 anos de idade), de 5 escolas 

municipais de Bauru-SP, de acordo com a atividade de cárie (pelo menos 1 lesão de 

mancha branca ativa) e divididas aleatoriamente nos seguintes tratamentos: verniz 

de TiF4 (2,45% F-, FGM); verniz de NaF 5% (2,26% F-, Duraphat® Colgate) e verniz 

placebo (sem F-, FGM). Os vernizes foram aplicados em todos os dentes 

permanentes, uma vez por semana, por 4 semanas consecutivas e após 6 e 12 

meses do estudo. O exame clínico (Índice de Nyvad/ICDAS) e a análise das 

mudanças quantitativas de fluorescência (QLF) foram realizados após 1 mês do 

tratamento e após 6, 12 e 18 meses do início do estudo. O grau de satisfação do 

paciente foi relatado após cada aplicação de verniz por escala visual. O índice placa 

visível (IPV) foi mensurado após 3, 9 e 15 meses. O 1o artigo desta tese foi 

publicado na JMIR Research Protocols e abordou o delineamento experimental do 

trabalho. ANOVA a 2 critérios com medidas repetidas, ANOVA seguida pelo teste de 

Tukey e teste Q2 foram realizados. Não foram encontradas diferenças significativas 

em relação à regressão/progressão das lesões cariosas pelo Índice de Nyvad 

(p>0,05). Apenas o TiF4 foi capaz de reduzir significativamente a perda média de 

fluorescência após 18 meses (-14,6 ± 4,0%) em comparação aos valores iniciais (-

17,5 ± 3,9%, p=0,003). Em relação à prevenção de novas lesões, somente o TiF4 

(99,2 ± 1,7%) apresentou uma porcentagem significativamente maior de superfícies 

hígidas ao final dos 18 meses comparado ao placebo (94,9 ± 7,9%), enquanto o NaF 

não diferiu dos dois grupos (98,5 ± 2,1%, p=0,014). Uma média de 97% dos 

participantes relataram estar satisfeitos com os tratamentos, independentemente do 

grupo. A % de IPV reduziu significativamente após 9 e 15 meses em comparação 

aos 3 meses do estudo para todos os grupos (p<0,001). O verniz de TiF4 foi o único 

tratamento capaz de mostrar efeito benéfico  neste  modelo  de  estudo.  O  2o  artigo 



 

 

 

 

  



 

 

desta tese aborda os resultados obtidos e será enviado à revista International 

Journal of Paediatric Dentistry.   

 

Palavras-chave: Cárie dentária. Fluoretos Tópicos. Ensaio Clínico. Titânio. 
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1 INTRODUCTION 

 

 

Fluoride varnishes are a feasible approach for preventing and treating carious 

lesions at the individual level and in public health programs, due to its good cost-

benefit compared to restorations of cavitated lesions, which in turn have a significant 

negative impact in quality of life (MARINHO et al., 2013; GAO et al., 2016). 

Due to the polarization of dental caries (DOUGLAS et al., 2016) and inequality 

in health services access, treatment is available to restrict part of the population only 

(DOUGLAS et al, 2016; TELLEZ, WOLFF, 2016). This fact requires the attention of 

authorities and appropriate public health interventions reducing inequities 

(ARDENGHI et al., 2013; TELLEZ, WOLFF, 2016). Based on this new panorama of 

the disease, researchers have sought to improve the effect of conventional fluorides 

or alternatively to test nonconventional fluorides (eg, fluorides [F] containing 

polyvalent metals, such as stannous fluoride [SnF2] and titanium tetrafluoride [TiF4]) 

(WIEGAND; MAGALHÃES; ATTIN, 2010; COMAR et al., 2017) to achieve better 

results with population at high-risk for caries. 

The protective effect of titanium tetrafluoride on dental caries has been 

intensively investigated under in vitro and in situ models (MAGALHÃES et al., 2008; 

COMAR et al., 2012; COMAR et al., 2017; SOUZA et al., 2018a; ALEXANDRIA et 

al., 2019; DOS SANTOS et al., 2019). Comar et al. (2017) recently demonstrated a 

better effect of TiF4 varnish in remineralizing initial enamel caries lesions in situ, 

regardless of the caries activity (ranging from low to high), compared to NaF varnish, 

which was only able to remineralize enamel lesions under low cariogenic challenges.  

The mechanism of action of NaF varnish is based on the calcium fluoride 

(CaF2) deposition on the dental surface, which acts as a fluoride reservoir and a 

mechanical barrier (GAO et al., 2016; COMAR et al., 2018). Titanium tetrafluoride, on 

the other hand, has an additional effect due to titanium that reacts with apatite 

forming compounds such as hydrated titanium phosphate and titanium dioxide, 

responsible for the high acid-resistant layer formed on teeth (COMAR et al., 2018). 

Furthermore, TiF4 varnish increases the deposition of CaF2 on the enamel, due to its 

low pH, compared to NaF varnish (COMAR et al., 2018). Despite its low pH, TiF4 
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varnish has similar levels of toxicity on murine fibroblast lineage (NIH/3T3) and 

gingival fibroblasts compared to NaF varnish (SALOMÃO et al., 2017; ARANDA 

SALOMÃO et al., 2019). 

The mechanical barrier created by fluorides protects enamel against 

demineralization induced by bacteria acids. Furthermore, the fluoride reservoir can 

speed remineralization, inducing the growth of fluor-hydroxyapatite like-crystals. In 

case of TiF4, the incorporation of titanium into the surface layer of demineralized 

enamel may improve its mechanical resistance (MAGALHÃES et al., 2016; COMAR 

et al., 2018). Due to this latter property, TiF4 varnish can be considered a good option 

for the treatment of non-cavitated enamel caries lesions, avoiding cavitation and, 

consequently, the need of invasive approaches (SKÖLD et al., 2008).  

There are few clinical studies testing the anti-cariogenic or remineralizing 

effect of TiF4 (REED, BIBBY, 1976; POMARICO; VILARDI; MAIA, 2012) but no one 

them evaluated TiF4 as varnish. All of them have shown benefit of TiF4 solution 

application in comparison to other conventional fluorides on the prevention and 

treatment of enamel caries lesions (REED, BIBBY, 1976; POMARICO; VILARDI; 

MAIA, 2012). On the other hand, previous work of our group showed better effect of 

TiF4 varnish compared to TiF4 solution on enamel caries lesion in situ (COMAR et al. 

2012), justifying the idea and the novelty of the thesis. 

Therefore, the aim of this randomized, controlled, longitudinal and double-blind 

clinical trial was to compare the effect of 4% TiF4 varnish with a commercial 5% NaF 

varnish (gold standard) on the treatment and prevention of non-cavitated enamel 

caries lesions in the permanent dentition of children 6 to 7 years old, residing in an 

optimally fluoridated area. The tested null hypothesis was there is no significant 

difference between the fluoride varnishes in the prevention (a) and/or 

regression/progression (b) of non-cavitated enamel caries lesions in permanent 

teeth. For the analysis of each effect we applied: a) ICDAS b) Nyvad index and 

quantitative light-induced fluorescence. 
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Abstract 

Background: Titanium tetrafluoride (TiF4) has became of great interest again due to 

new formulations that have shown to be more effective against tooth demineralization 

than NaF formulations in vitro and in situ.  

Objective: To evaluate the effect of 4% TiF4 varnish compared to a commercial 5% 

NaF varnish on the prevention of caries lesions and the treatment of non-cavitated 

enamel caries lesions in permanent teeth of children living in fluoridated area. 

Methods: This randomized, controlled, parallel and single blind clinical trial involves 

63 children, 6-7 years old, living in Bauru-SP/Brazil. Children were selected 

according to their caries activity (presence of at least 1 tooth with score Nyvad 1) and 

randomly divided into the following treatments: 4% TiF4 varnish  (2.45 % F-, pH 1, 

FGM); 5% NaF varnish (2.26% F, pH 5, Duraphat®, Colgate) and control (placebo 

varnish, pH 5, FGM). The varnishes were applied on all permanent teeth, once a 

week for 4 weeks and they will be reapplied only once after 6 and 12 months of the 

beginning of the study. Two calibrated examiners carry out the clinical examination 

(ICDAS and Nyvad indexes, kappa> 0.8) at baseline (before the first application), 

after the 1st, 6th, 12th and 18th month. Furthermore, quantitative fluorescence changes 

are measured using QLF. The degree of patient satisfaction with the treatment is also 

computed. The data will be submitted to statistical analysis (p<0.05). 

Results: This ongoing study is funded by the Brazilian funding agencies (FAPESP- 

2015/14149-1 and CNPq- 401313/2016-6). We expect to confirm the efficacy of TiF4 

compared to NaF varnish on the prevention and treatment of caries lesions. The 

subjects are under 1 month evaluation and the dropout was about 8.3%. No 

differences between the treatments were detected at the 1st month.  

Conclusions: If our hypothesis is confirmed, TiF4 varnish can be marketed and 

applied at individual level and in community programs to control dental caries.  

Key-words: Clinical Trial; Dental Caries; Sodium Fluoride; Titanium; Topical 

Fluorides. 
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Introduction  

Fluoride varnishes are a good approach for prevention and treatment of caries 

lesions at individual level and in public health programs, due to its good cost-benefit 

compared to restorations of initial caries lesions that eventually progress to cavitation 

and have a significant negative impact in quality of life [1,2]. 

Considering the polarization of caries disease [3], the treatment needs have 

been concentrated on a small part of the population, characterizing significant 

inequities in health [3,4]. This fact requires the attention of authorities and 

appropriate interventions in public health [4,5]. Based on this new panorama of the 

disease, researchers have sought to improve the effect of conventional fluorides or 

alternatively to test non-conventional fluorides (fluorides containing polyvalent 

metals, such as stannous fluoride -SnF2 and titanium tetrafluoride - TiF4) on the 

prevention and treatment of caries lesions [6,7].  

Several in vitro and in situ studies have shown that an experimental 4% TiF4 is 

more effective than NaF on the reduction of demineralization and improvement of 

remineralization [7-9]. The mechanism of action of TiF4 is based on the effect of 

titanium ions that react with dental apatite, forming a "glaze"-like layer acid resistant, 

rich in hydrated titanium phosphate and titanium dioxide [10]. Furthermore, TiF4 

varnish induces a higher deposition of CaF2 than NaF varnish on sound and 

demineralized enamel surface [10]. 

 Recent in situ study demonstrated that 4% TiF4 varnish was the only treatment 

able to improve enamel remineralization regardless of the cariogenic activity, while 

NaF varnish failed in preventing further demineralization under high cariogenic 

activity [7]. This result supports the hypothesis of the present study that TiF4 varnish 

could be more effective than NaF varnish in preventing and treating caries lesions in 

permanent teeth of children living in fluoridated area. 

 

Objective 

The aim of this clinical protocol is to evaluate the effect of 4% TiF4 varnish compared 

to a commercial 5% NaF varnish on the prevention of caries lesions and the 

treatment of non-cavitated enamel carious lesions in permanent teeth of children 

living in fluoridated area. 
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Methods 

Ethical Aspects 

The protocol of this study was submitted and approved by the local Ethics 

Committee (Number: 59787116.2.0000.5417, Ethics Committee of the Bauru School 

of Dentistry, University of São Paulo, Brazil) and by the registration of clinical 

research in the database - The Brazilian Clinical Trials Registry – ReBEC (Number: 

RBR-5VWJ4Y). The research protocol was also approved by the Municipal 

Secretariat for Education of Bauru (São Paulo, Brazil) and by 5 municipal schools 

(Table 1) enrolled in the study. Thereafter, the responsible for 6-7 years old children 

received and signed an informed consent prior to their involvement in the research. 

The children also received a consent form, with age-appropriate language, explaining 

how the research would be conducted. The children were free to agree or disagree 

with their participation in the research. Only after all approvals the research started.  

Study Design 

This is a randomized, controlled, parallel, single blind, and three-arms (4% 

TiF4 varnish, 5% NaF varnish and placebo varnish) clinical trial of 18 months. It 

involves 63 children (37 males and 26 females) between 6-7 years old, coming from 

public schools of Bauru city (Brazil), an area optimally fluoridated. A number of 20 

subjects per group was previously calculated considering α error of 5%, β error of 

20%, a dropout of 30% and a caries incidence after a period of 2 years of 15% for 

fluoride group and 42% for control group [11].  

Children were selected according to their caries activity (at least 1 active white 

spot lesion present on the smooth surface of the permanent dentition, score 1 by 

Nyvad index[12]) and randomly allocated in one of the 3 treatments options ensuring 

stratified block randomization into each school: 4% TiF4 varnish (2.45% F, pH 1, 

FGM); 5% NaF varnish (2.26% F, pH 5, Duraphat®, Colgate) and control (placebo 

varnish, pH 5, FGM). 

The treatment was conducted as further described. The teeth were submitted 

to clinical examination (ICDAS and Nyvad indexes) and quantitative fluorescence 

changes analysis by QLF device. The analyses were conducted after the 1st month 

and they will be carried out at 6th, 12th and 18th month. Figure 1 summarizes the 

study protocol. 

Baseline analysis  
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Two trained examiners (inter- and intra-examiner agreement, kappa> 0.8), not 

involved in the treatment application, are responsible for examining the children 

(NMS and BMS). The selection of the children was based on the analysis of smooth 

surfaces using Nyvad index [12]. Only children 6-7 years old, presenting at least 1 

smooth surface with active caries lesions and the signed consents, were selected.  

The exclusion criteria were children: under orthodontic treatment; who participated in 

another clinical study 3 months prior the present study; who underwent professional 

fluoride application 6 months prior the present study; under treatment with antibiotics 

or some other type of medicine (patients with chronic diseases); or with periodontal 

disease. 

The distinction between active and inactive caries lesions were done through 

visual and tactile inspection. The active white spot lesions were defined as rough and 

opaque white surface [13]. All white spot lesions were further analyzed using QLF 

[14]. Furthermore, all permanent teeth surfaces were analyzed using ICDAS 

(International Caries Detection and Assessment System) index [15] and dmft was 

applied for the primary teeth (this data will be included in the regression analysis to 

check the influence of other variable on the results).  

Treatment 

All children were instructed regarding cariogenic diet and oral hygiene and 

were submitted to supervised toothbrushing. The researchers provided new 

toothbrushes (Colgate® Classic, Colgate-Palmolive, Brazil), dental floss (Colgate®, 

Colgate-Palmolive, Brazil) and fluoride toothpastes (Colgate®, 1450 ppm F as MFP, 

Colgate-Palmolive, Brazil). The oral hygiene kit will be replaced each 3 months of the 

research. 

The varnishes were applied on all permanent teeth once a week for the first 4 

consecutive weeks [16] and they will be reapplied once at 6th and 12th month of the 

research [17] by ASB. The application was done using a microbrush, under natural 

light, following the clinical steps: 1. Supervised toothbrushing by DMSS; 2. Relative 

isolation of teeth area with cotton rolls; 2. Drying of the teeth surfaces using sterile 

gauze; 3. Varnish application according to the manufacture’s instruction; 4. Waiting 

for 5 minutes for solvent evaporation; and 5. Removal of the cotton rolls. The 

treatments were done during afternoon. The children were instructed to not ingest 

liquid for 30 min, to have soft meals and to perform oral hygiene only 4 h after the 

application.  
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After each application, a visual scale (Figure 2) (Wong-Baker Pain Scale -

WBPS) was applied to assess the degree of patient satisfaction with the treatment. 

The scale is known to be one of the most effective tools for self-rated child pain [18]. 

The mean result of the four varnish applications is described in the Results section.   

 

Clinical examination 

Clinical examinations were performed after dental hygiene, based on the 

clinical criteria of caries activity diagnosis from Nyvad et. al. [19], which were re-

coded [12] (Table 2). Only the smooth surfaces of all permanent teeth were 

considered and the clinical examination was carried out under illuminated 

environment, using clinical probe, clinical mirror and sterile gauzes. In addition, the 

International Caries Detection and Assessment System (ICDAS) index was applied 

on all surfaces at baseline and it will be re-applied at 18th month. The ICDAS is an 

international system of caries detection and evaluation that classifies the stages of 

the caries process [15] (Table 3). 

The progression of white spot lesion will be considered when the initial lesion 

becomes a cavity (untreated cavity or restored tooth) or when a healthy surface is 

transformed into an active lesion (cavitated or not). The regression will be considered 

when initial active white spot lesion is transformed into inactive carious lesion or 

healthy surface. The data (df= baseline Nyvad’s score - 1 month Nyvad’s score) was 

submitted to Kruskal-Wallis test.  

 

Quantitative light-induced fluorescence (QLF) 

QLF is applied to measure the changes in the enamel fluorescence of white 

spot lesions and to quantify the lesions reversal or progression. The equipment has 

an xenon arc lamp as light source and an optical filter system, producing blue light 

with a maximum wavelength of 370 nm, led by a guide filled with liquid (Inspektor 

Research Systems BV, Amsterdam, The Netherlands). The fluorescence emitted by 

the tooth is collected with a CCD-video microcamera (Panasonic WV-KS 152, 

Matsushita Electric Industrial Co, Ltd, Osaka, Japan) equipped with high pass yellow 

filter (γ >520 nm) to exclude any excitation or ambient light that may reach the 

detector and with a special dental mirror to reflect the image of the lesion connected 

to the camera [14]. 
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After drying the tooth surface (5 s), images of clinically detected white spot 

lesions are obtained by QLF, under a completely dark environment. A computer 

program (Software Inspektor QLF 2.00f; Inspektor Research System BV, Amsterdam, 

The Netherlands) is applied to display, store, browse and analyze the images. The 

QLF parameters are: 1 -The area of the lesion (WS, mm2) that is the sum of all points 

within the lesion with fluorescence loss > 5%, 2- The mean fluorescence loss (∆F, %, 

detection threshold of 5%), and 3 – The integrated fluorescence loss multiplied by the 

lesion area (∆Q, mm2%) [20]. 

The QLF analysis was performed at baseline and after 1 month. The 

differences between 1 month and baseline values were calculated as following: ∆WS 

area = WS area baseline – WS area after 1 month (the same for ∆∆F and ∆∆Q). The 

data were submitted to Kruskal-Wallis test. This analysis will be repeated after 6, 12 

and 18 months of the treatment by BMS. 

 

Statistical Analysis 

The data will be submitted to statistical analysis using the Graph Pad Instat 

and Prism version 5.0 software for Windows (GraphPad Software - San Diego, CA, 

USA). Firstly, the data will be checked in respect to the normality and homogeneity. 

Parametric or similar non-parametric test will be applied to compare the treatments in 

respect to: 1. Prevention of new caries lesions (ICDAS and Nyvad indexes); 2. 

Regression or progression of previous active white spot lesions using the Nyvad 

index; 3. Regression or progression (gain or loss of fluorescence, respectively) of 

previous active white spot lesions using QLF (0, 1, 6, 12 and 18 months). 

 

Results 

This protocol refers to an ongoing clinical study funded by São Paulo 

Research Foundation (FAPESP- 2015/14149-1) and the National Council for 

Scientific and Technological Development (CNPq- 401313/2016-6).  

 Figure 1 shows the number of children by school enrolled in the research until 

the moment. All enrolled children (n=63) were submitted to 4 weeks of treatment and 

almost all of them (n=58) were analyzed after 1 month.  The dropout was of 5 

children (8.3%) at 1st month of analysis. No significant differences in caries 

prevention, regression or progression was found among the treatments at the 1st 
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month (Tables 4 and 5). The degree of patient satisfaction with the treatment after 

the varnish applications is displayed in Table 6.  

 We expect to confirm the efficacy of TiF4 compared to NaF varnish on the 

prevention and treatment of caries lesions at the end of the present study (18 

months) as we have previously found under in vitro and in situ protocols. 

 

Discussion 

Previous systematic reviews have shown no significant differences between 

the anti-caries performances of fluoride (mainly NaF) included in different products 

such as gel, varnish and toothpaste [1,2]. However, varnish has some advantages 

over the other products, since it adheres to the tooth surface allowing a long time of 

contact between fluoride and tooth. Besides, it presents low systemic toxicity and is 

well tolerated and accepted by the patient especially children [1,2,21]. 

Therefore, the inclusion of TiF4 into a varnish allows longer time of contact with 

enamel, improving the reaction of titanium with the tooth apatite and allowing the 

formation of a "glaze"-like layer on the tooth surface rich in titanium dioxide, hydrated 

titanium phosphate and calcium fluoride [6,10]. Due to its low pH, TiF4 varnish is able 

to enhance the enamel fluoride uptake compared to NaF varnish [6]. The varnish 

may also reduce the contact of TiF4 with soft tissues compared to a rinse solution, 

reducing the possibility of cytotoxicity, due to its low pH [22]. A recent study from our 

group has shown that TiF4 varnish presents similar toxicity on NIH3T3 cells 

compared to NaF varnish [22]. To check any possible side effect of TiF4 varnish, the 

degree of patient satisfaction was evaluated by using a simple, but effective tool for 

self-rated child pain [18]. 

Previous studies have shown that the application of fluoride varnish once a 

week for 4 consecutive weeks (4 applications in a one-month interval) has been 

effective in accelerating the remineralization of white spot lesions [16]. On the other 

hand, bi-annual applications are effective for the prevention of new caries lesions 

[17,21]. The focus of the research is the prevention and the treatment of caries 

lesions on smooth surface, where fluoride varnish is predominantly indicated [1]. For 

occlusal surfaces, other treatments are often indicated, such as fissure sealants, 

despite recent systematic review has shown good results with the use of NaF varnish 

on occlusal surfaces either [23].   
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The most common method for caries detection is the visual-tactile by using 

ICDAS, Nyvad and DMFT indexes; however, other non-invasive techniques for 

detection of early caries have been developed such as QLF and DIAGNOdent, which 

are especially applied for research proposal [24]. The traditional DMFT index is 

based on the detection of caries lesions at the cavitated level only, but it fails in 

detecting caries lesions in very early stage [25]. On the other hand, ICDAS is an 

accurate and reproducible method for detecting early lesions on enamel and also for 

detecting changes over time [24]. Braga et al [26] compared two methods of visual 

inspection (Nyvad and ICDAS), and both presented good reproducibility and validity 

to detect and estimate the depth of the caries lesions, justifying their inclusion in the 

present study. 

The QLF is a sensible quantitative clinical method with good repeatability and 

reproducibility, requiring a smaller number of participants (that may decrease the 

impact of dropout for longitudinal studies) compared to the visual analysis [14]. The 

QLF is able to quantify small mineral changes that might not be detectable in the 

visual inspection. However, the method fails in detecting the portion of the 

subsurface lesion that gains or losses minerals [14, 20]. Therefore, we combined the 

visual inspection with a complementary method (QLF) to better detect and quantify 

very early caries lesions [24]. 

 Despite some tendency for better effect of TiF4 varnish was seen at the 1st 

month of this study (∆∆Q and ∆∆F values), the differences did not reach significance, 

since only slight lesion changes were detected at this stage. If TiF4 varnish presents 

a better performance in caries control compared to NaF at the end of the present 

study, it shall be marketed and alternatively applied at individual level and in 

community programs to control dental caries in children in the future.  
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Tables 

 

Table 1. Distribution of selected schools according to the region of Bauru city (São 

Paulo, Brazil) 

Region Name of School 

North 
EMEF “José Romão” 

EMEF “Geraldo Arone” 

South EMEF “Santa Maria” 

East EMEF ‘Thereza Tarzia- - Irmã Rosamaria Tarzia” 

West EMEF "Ivan Engler de Almeida" 
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Table 2. Modified Nyvad’s scores [12] 

Score  Description  

Score 0 Sound enamel 

Score 1 Active White spot lesion - not cavitated 

Score 2 Inactive White spot lesion – not cavitated 

Score 3 Cavitated enamel (tooth with cavity, restored, or extracted) 
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Table 3.  ICDAS scores [15] 

Score Classification criteria 

0 
No or subtle change in enamel translucency after prolonged drying (5s) in 
area of biofilm accumulation  

1 
Visible white spot after drying (no loss of surface continuity) or 
pigmentation restricted to confines of a pit or fissure 

2 
White spot visible on wet surface (no loss of surface continuity) or 
pigmentation that extrapolates confines of a pit or fissure 

3 Localized cavitation (or loss of continuity) in opaque or pigmented enamel 

4 Underlying dark shadow from dentin, with or without cavitation on enamel 

5 
Cavitated enamel with exposure of the underlying dentin, involving up to 
half of the analyzed surface 

6 
Cavitated enamel with exposure of the underlying dentin, involving more 
than half of the analyzed surface 
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Table 4. Nyvad’s scores [12] at the baseline and after 1 month of treatment 

 TiF4 NaF Placebo 

Baseline Final Baseline Final Baseline Final 

Nyvad Index 

(mean ± s.d.) 
1.0±0.00 1.0±0.00 0.97±0.15 1.03±0.15* 0.99±0.06 1.08±0.24** 

Df 

Median  

(min: max) 

0.0 (0.0: 0.0) 0.0 (-0.7: 0.0) 0.0 (-1.0: 0.0) 

Df = Baseline – final value, where positive values indicate regression and negative 

values indicate lesions progression. Kruskal-Wallis Test (p=0.39). 

*One patient presented 2 teeth that progressed from score 0 to 1 and 1 patient had 1 

lesion that progressed from score 1 to 3. 

** One patient presented 1 tooth that progressed from score 0 to 3 and 1 patient had 

1 lesion that progressed from score 1 to 3. 
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Table 5. Median (minimum: maximum values) obtained in QLF analysis at the 1st 
month compared to the baseline 

 
∆WS area  

(mm2) 
∆∆F 
(%) 

∆∆Q  
(mm2%) 

TiF4 0.01 (-9.15: 1.19) -1.29 (-16.30: 4.74) -6.40 (-27.20: 143.90) 

NaF 0.17 (-2.38: 1.47) -0.55 (-5.80: 6.10) -6.83 (-42.13: 41.80) 

Placebo 0.19 (-1.14: 4.36) -0.23 (-5.17: 5.10) -3.55 (-76.77: 19.70) 

Kruskal-Wallis Test (p=0.59, p=0.45 and p=0.83, respectively).  

For ∆WS and ∆∆Q, negative values mean progression (demineralization), and 
positive values, regression (remineralization). The opposite is valid for ∆∆F. 
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Table 6. Mean percentage of the degree of patient satisfaction after 4 applications of 
the varnishes using Wong-Baker Pain scale (%) 

 TiF4 NaF Placebo 
0 75.00±8.13 85.71±5.50 76.25±11.09 

2 20.24±4.56 11.90±6.15 17.50±8.66 

4 4.76±3.89 2.38±2.75 2.50±2.89 

6 0.00±0.00 0.00±0.00 2.50±2.89 

8 0.00±0.00 0.00±0.00 0.00±0.00 

10 0.00±0.00 0.00±0.00 1.25±2.50 

. 
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Figure 1. Flowchart of the study. 
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Figure 2. Wong-Baker Visual Scale (WBPS), where 0 is very good (no 

pain/discomfort) and 10 is very dissatisfied (worst possible pain/discomfort). 
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Effect of Titanium tetrafluoride varnish on dental caries lesions control in 

children permanent dentition: a randomized controlled trial 

 

Abstract  

Background: TiF4 varnish has shown superior anticaries effect compared to NaF 

varnish. 

Aim: This randomized-controlled clinical trial compared the effect of TiF4 and NaF 

varnishes in the prevention and treatment of initial caries lesions in permanent teeth. 

Design: Sixty children (6-7 y/o; Bauru-SP/Brazil) were selected and randomly divided 

into treatments: 4% TiF4 (2.45% F-, FGM); 5% NaF (2.26% F-, Duraphat®-Colgate) or 

placebo (FGM). Varnishes were applied on permanent teeth, once a week (4 weeks); 

after the 6th and 12th month. Clinical examination (Nyvad/ICDAS) and quantitative 

fluorescence changes analysis were performed. Patient’s satisfaction degree was 

reported. Visual plaque index (VPI) was calculated. Two-way RM-ANOVA/ANOVA 

and Tukey were performed. 

Results: After 18 months, no differences were found between treatments with 

respect to carious lesions regression/progression using Nyvad (p>0.05). Only TiF4 

was able to reduce the mean fluorescence loss significantly compared to the 

baseline value (p=0.003). With respect to prevention, TiF4 showed higher percentage 

of sound surfaces compared to placebo by ICDAS (p<0.014). Regardless of the 

treatment, around 97% of the participants reported being satisfied. The VPI 

percentage decreased significantly after 9 and 15 months compared to 3 months 

(p<0.001). 

Conclusion: Only TiF4 varnish was able to show slight remineralizing and prevention 

effect.  

 

Key words: Clinical Trial, Dental Caries, Sodium Fluoride, Titanium, Topical 

Fluorides. 
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Introduction 

The protective effect of titanium tetrafluoride on dental caries has been 

intensively investigated under in vitro and in situ models1-6. Comar et al.3 recently 

demonstrated a better effect of TiF4 varnish in remineralizing initial enamel caries 

lesions in situ, regardless of the caries activity (ranging from low to high), compared 

to NaF varnish, which was only able to remineralize enamel lesions under low 

cariogenic challenges.  

The mechanism of action of NaF varnish is based on the calcium fluoride 

(CaF2) deposition on the dental surface, which acts as a fluoride reservoir and a 

mechanical barrier7,8. Titanium tetrafluoride, on the other hand, has an additional 

effect due to titanium that reacts with apatite forming compounds such as hydrated 

titanium phosphate and titanium dioxide, responsible for the high acid-resistant layer 

formed on teeth8. Furthermore, TiF4 varnish increases the deposition of CaF2 on the 

enamel, due to its low pH, compared to NaF varnish8. Despite its low pH, TiF4 

varnish has similar levels of toxicity on murine fibroblast lineage (NIH/3T3) and 

gingival fibroblasts compared to NaF varnish9,10. 

The mechanical barrier created by fluorides protects enamel against 

demineralization induced by bacteria acids. Furthermore, the fluoride reservoir can 

speed up remineralization, inducing the growth of fluor-hydroxyapatite like-crystals 

and, in case of TiF4, the incorporation of titanium into the surface layer of 

demineralized enamel may improve its mechanical resistance8,11. Due to this latter 

property, TiF4 varnish can be considered a good option for the treatment of non-

cavitated enamel caries lesions, avoiding cavitation and, consequently, the need of 

invasive approaches12.  

There are few clinical studies testing the anti-cariogenic or remineralizing 

effect of TiF4
13,14, but no one them evaluated TiF4 as varnish. A previous work of our 

group showed better effect of TiF4 varnish compared to TiF4 solution on enamel 

caries lesion in situ2. 

Therefore, the aim of this randomized, controlled, longitudinal and double-blind 

clinical trial was to compare the effect of 4% TiF4 varnish with a commercial 5% NaF 

varnish (gold standard) on the treatment and prevention of non-cavitated enamel 

caries lesions in the permanent dentition of children 6 to 7 years old, residing in an 

optimally fluoridated area. The tested null hypothesis was that there is no significant 

difference between the fluoride varnishes in the prevention (a) and/or 
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regression/progression (b) of non-cavitated enamel caries lesions in permanent 

teeth. For the analysis of each effect, we applied: a) ICDAS b) Nyvad index15 and 

quantitative light-induced fluorescence.  

 

Material and Methods 

 

Ethical aspects and subjects selection 

This randomized-controlled, parallel, double blind, and three-arm clinical trial 

was firstly registered in the Brazilian Clinical Trials Registry (ensaiosclinicos.gov.br, 

identifier RBR-5VWJ4Y), then approved by the local Ethics Committee (Number: 

59787116.2.0000.5417, Ethics Committee of the Bauru School of Dentistry, 

University of São Paulo, Brazil) and by the Municipal Secretariat for Education of 

Bauru (São Paulo, Brazil). Five municipal schools were selected contemplating the 4 

most populous regions of the city (2 schools in the northern region [A and B]; 1 in the 

southern region [C]; 1 in the western region [D] and 1 in the eastern region [E] 

(Figure 1). The central region was not contemplated due to the absence of municipal 

school. Written consent was obtained from the parents/guardian of each child, who 

also assigned a receive consent form, with age-appropriate language, explaining how 

her/his participation in the research would be. The recruitment period was divided 

into 2 blocks: Block 1 from March to May 2017 and Block 2 from June to August 

2017. The last follow up were done in November 2018 for block 1 and in March 2019 

for block 2. 

Sixty healthy children (34 boys and 26 girls, 6-8 years old), coming from 5 

public schools from Bauru-SP (Brazil), an area optimally fluoridated, were selected 

according to the study inclusion and exclusion criteria. The inclusion criteria 

consisted of: 1) the approved and signed consent from the parent/guardian and the 

child; 2) child with at least one active non-cavitated enamel caries lesion (white spot 

lesion)15 in the smooth surface of the permanent dentition at the baseline 

examination. Exclusion criteria included: 1) users of orthodontics appliances; 2) child 

who participated in other clinical trial 3 months prior to the selection day; or 3) who 

was submitted to professional topical fluoride application 6 months prior to the 

selection day; 4) under treatment with antibiotics; 5) presenting periodontal disease; 

or 6) any type of systemic chronic disease. 
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Study Design and treatment 

The sample calculation was performed based on previous clinical trial (caries 

incidence after a period of 2 years: 15% for fluoride varnish and 42% for control - 

without fluoride treatment)16, considering a dropout of 30%, a statistical power of 80% 

and an alpha-error of 5%.  

Children were selected and randomly distributed to the treatments according 

to the caries activity (Nyvad index15), in two blocks, block 1 (n=11/ per treatment) and 

block 2 (n=9/ per treatment) (A.C.M.): 4% TiF4 varnish (2.45% F, pH 1, FGM-

DentsCare); 5% NaF varnish (2.26% F, pH 5, Duraphat®, Colgate) or placebo varnish 

(without F, pH 5, FGM-DentsCare). The treatment was double blind to children and 

their parents/guardians and to the researchers who made the clinical examination 

and QLF analysis. 

At the baseline, dmfs and DMFS of all selected children were computed. The 

treatment was performed after the initial clinical examination and consisted of 4 

consecutive weekly application of varnish on all smooth surface of permanent teeth17 

(with more than ½ of the crown exposed), and a single application at the 6th and 12th 

month of study18. After each day of treatment, a visual pain scale was applied to 

evaluate the satisfaction degree of patients (A.S.B. and D.M.S.S.)19. Children should 

note the face that better represents them after treatment. For each face was 

attributed a number for the statistical analysis where zero was very pleased (absence 

of pain, discomfort) and ten was extremely upset (worst possible pain/discomfort) 

(Figure 2).  Since the degree of satisfaction kept constant along to the six varnishes 

application, a mean was calculated.  

During the visits, the children were instructed with respect to cariogenic diet 

and oral hygiene. All participants received an oral hygiene kit, instruction and 

motivation to brush their teeth twice a day, at each 3 months. The kit consisted of 

toothbrush (Colgate® Classic, Colgate-Palmolive, Brazil), toothpaste (Colgate®, 1450 

ppm F- as monofluoride phosphate [MFP], Colgate-Palmolive, Brazil) and dental floss 

(Colgate-Palmolive, Brazil).  

Before the oral hygiene instruction, the visual plaque index (VPI)20 was 

calculated (M.S.S.), at the 3th, 9th and 15th months. Two trained examiners (inter and 

intra-examiner agreement, kappa>0.8), not involved in the treatment, were 

responsible for the children’s examination (B.M.S. and N.M.S) with respect to the 

caries lesions analyses. 
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Clinical procedures 

 The varnish was applied on all smooth surface of permanent teeth, under 

natural light, following the clinical steps: 1) supervised toothbrushing (A.S.B. and 

D.M.S.S.); 2) relative isolation of teeth area with cotton rolls; 3) drying of dental 

surfaces using sterile gauze; 4) varnish application using microbrush (approximately 

30 mg of varnish for each arche21); 5) 5 minutes of wait for solvent evaporation; 6) 

removal of the cotton rolls. The application was done after the school break. All the 

collaborators (teachers and parents) received a written recommendation advising for 

children do not ingest liquid for 30 minutes after the treatment, to have soft meals 

and just perform brushing 4 h after the treatment. The treatment was performed once 

a week for four consecutive weeks without interruption, at the 6th and 12th months of 

the study (T.S.C). 

 

Clinical Examination 

The clinical examination was performed under natural illumination, after dental 

hygiene, using WHO probe and mirror (B.M.S. and N.M.S). We applied the clinical 

criteria of Nyvad et al.15 modified by the researchers to facilitate the data analysis of 

the surfaces that presented caries lesions at the baseline, as following: Score 0- 

sound enamel; Score 1 – non-cavitated and inactive white spot lesion; Score 2- non-

cavitated and active white spot lesion and Score 3 – cavitated lesion (tooth with 

cavity, restored or extracted). Only the smooth surfaces of permanent teeth (with at 

least ½ of crown exposed at the baseline) were considered in the analysis. The 

Nyvad’s index was applied at baseline, after 1 month of the last application of the 4 

consecutive ones, and after 6, 12 and 18 months of the baseline analysis. In addition, 

the International Caries Detection and Assessment System (ICDAS) was performed 

at the baseline and after 18 months of the study22 on all permanent teeth smooth 

surfaces, which were sound at the baseline. The dmfs and DMFS were measured at 

the baseline for random distribution proposal.  

 

Complementary exam: Quantitative light-induced fluorescence (QLF) 

QLF system (Inspektor Research Systems BV, Amsterdam, The Netherlands) 

was used to measure the fluorescence loss of non-cavitated enamel carious lesion 

allowing the analysis of their regression or progression over time22. The QLF 
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analyses were performed at baseline, after 1 month of the last application of the 4 

consecutive ones, and after 6, 12 and 18 months of the baseline analysis (B.M.S.).  

The QLF images were taken only from the teeth with non-cavitated enamel 

carious lesions, which were previously cleaned and dried, under completely dark 

environment. The software QLF 2.00f (Inspektor Research System BV) was used for 

image storage and analysis. The area of the lesion (mm2) and the mean fluorescence 

loss (∆F, %, detection threshold is 5%) were determined.  

 

Visual plaque index (VPI) 

The VPI20 was applied on all teeth surfaces (including primary and permanent 

teeth) at the 3rd, 9th and 15th month of the study. The VPI was applied before hygiene 

instruction and supervised brushing. Score 0 was equivalent to absence of dental 

plaque and Score 1 to the presence of dental plaque. The VPI was converted into 

percentage value of surfaces with visible dental plaque.  

 

Statistical Analysis 

Abandonment in clinical trial is expected, however, losses may compromise 

statistical analysis, decreasing study strength and increasing bias. Therefore, for all 

periods, amputation of the missing values was used since it corresponded to less 

than 20% of the sample, as suggested by Spineli et al.23. In this case, we applied the 

average of the other two treatments as a conservative estimate of missing values. 

The means Nyvad, ICDAS and QLF parameters per child were calculated. The 

data were submitted to statistical analysis using GraphPad Prism version 7.0 

software for Windows (GraphPad Software - San Diego, CA, USA). Two-way 

repeated measures ANOVA was performed for Nyvad index, QLF parameters and 

VPI. For ICDAS and dmfs/DMFS, ANOVA/Tukey was applied. For the visual 

satisfaction scale, χ2 test was done. The level of significance was set at 5% (n=20 

children).  

 

Results 

The number of children selected and followed during the entire study is 

described in the flowchart indicated by CONSORT (http://www.consort-

statement.org) (Figure 1).  During the follow up and at the end of the study, we lost 
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the maximum of 4 subjects per group (within of 20%). The most common causes of 

lost were miss the day of analysis or change of school. 

At the baseline, all groups presented children with similar dmfs (TiF4 1.65 ± 

2.0; NaF 1.45 ±2.4 and Placebo 1.55 ±2.4; ANOVA p=0.96) and DMFS (TiF4 0.00 ± 

0.0; NaF 0.05 ± 0.2 and Placebo 0.10 ± 0.3; ANOVA p=0.36) values. 

From 60 children, 128 smooth surfaces (5.1% of the total surfaces) presented 

Score 2 of modified Nyvad Index at the baseline (TiF4 n=45; NaF n=41; Placebo n=42 

surfaces). The most affected smooth surfaces were from mandibular posterior teeth 

(48.4%), followed by maxillary posterior teeth (28.9%), maxillary anterior teeth 

(14.1%) and mandibular anterior teeth (8.6%).  

The number of children who presented caries lesion progression (cavitation) at 

the end of the study (13% of the children) was: TiF4 (n=2), NaF (n=4) and placebo 

(n=2). With respect to regression, the following numbers were 1, 3 and 3 for TiF4, 

NaF and placebo, respectively. In both cases, no differences were found among the 

groups by using Nyvad Index (Table 1). For most of children, the lesions did not 

present clinical changes along the period of study regardless of the treatments.  

With respect to the prevention of new lesions, only TiF4 (99.2% ± 1.7 surfaces 

prevention fraction) presented a significant higher percentage of sound surfaces 

compared to placebo (94.9% ± 7.9), while NaF did not differ from both groups (98.5% 

± 2.1) after 18 months of follow up (Figure 3, ANOVA p=0.014) 

With respect to QLF analysis, no significant differences were found among the 

treatments with respect to lesion area - WS (Table 2) and mean fluorescence loss – 

∆F (Table 2). When the periods of analysis were compared within of each treatment 

group, only TiF4 reduced ∆F means after 18 months compared to baseline values (2-

way ANOVA, p= 0.0003).  

The VPI means were similar among the treatment groups (2-way ANOVA, 

p>0.05, Table 3). For all treatments groups, there was a significant reduction in the 

percentage of dental surfaces with visible plaque at 9th and 15th months compared to 

3rd month. 

Regardless of treatment group, around 97% of children were very pleased or 

pleased with treatment. No association was found between the degree of satisfaction 

and the type of treatment (χ2, Table 4).  
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Discussion 

The tested null hypothesis was partially rejected. TiF4 varnish was not able to 

change the clinical appearance of the white spot lesions, however, this treatment 

improved the amount of mineral gain resulting in significant reduction of enamel 

fluorescence loss after 18 months of study, in agreement with previously in vitro and 

in situ studies1-6. With respect to prevention of new caries lesions, TiF4 varnish also 

presented a significant higher percentage value of sound surfaces at the end of study 

compared to placebo. The positive results are explained by the reaction of Ti with 

apatite, producing an acid-resistant layer (able to prevent demineralization) and by its 

incorporation into the lesions porous, improving mineral gain (enhancing 

remineralization)8.  

Previous clinical trials have tested the effect of TiF4 as solution13,14 showing 

promising effects on prevention of tooth demineralization and improving of 

remineralization. The annual application of 1% TiF4 significantly reduced the 

appearance of new lesions in permanent teeth (33% reduction) compared to 1.25% 

APF (acidulated phosphate fluoride) in a follow-up of 3 years13. Pomarico et al.14 

demonstrated that permanent teeth treated with 4% TiF4 solution (once) plus MFP 

toothpaste (daily) for 4 weeks significantly had lower lesion area (74.5%) compared 

to teeth treated with MFP toothpaste only (67% reduction). In our work, the TiF4 

varnish reduced the mean fluorescence loss in 16.3% after 18 months compared to 

the baseline values, which was not reflected in clinical appearance changes. 

On the other hand, NaF varnish did not have protective or remineralizing effect 

on enamel compared to placebo. Following the recommendation for prevention of 

caries18,24, the varnishes were applied each 6 months. Some clinical studies 

evaluating the potential of bi-annual application of fluoride varnish (NaF), to prevent 

dental caries in primary teeth, were unable to find significant differences between the 

fluoridated and non-fluoridated groups (or just brushing) after 24-month follow-up25,26. 

However, Arruda et al.27 demonstrated in school children, who had their permanent 

teeth treated with 5% NaF varnish (bi-annual), a reduction of caries increment (new 

lesions) in 41% compared to placebo in a follow-up of 12 months. When we compare 

the results of Arruda et al. 27 with ours, it is obvious to infer that the protective effect of 

NaF was found by them due to the high-caries risk level of the tested population 

(DMFS 5.9) compared to the children from our study (DMFS 0.05). 
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In a longer follow-up period (26 months) with bi-annual application of NaF 

varnish, Hardman et al.28 found no differences in caries incidence (NaF, 16% 

children) compared to placebo (19%) on the first permanent molar, similarly to our 

results. In agreement, Milson et al.29 also demonstrated that DFS increment was 0.65 

for patients treated with NaF varnish (annual application) and 0.67 for those 

belonged to placebo group, with no significant differences between them after 36 

months of follow-up. As happened in our study, the above-cited works tested NaF 

varnish in children at low-risk level for caries. 

Marinho et al.30 suggest that fluoride varnishes have a good potential as caries 

inhibitor (permanent and primary teeth), regardless of the frequency of application 

(two or four times a year); however, the quality of evidence is still moderate due to 

the high risk of vies of the clinical studies included in the systematic review. This 

systematic review also showed that the side effects and information on acceptability 

was inconclusive, because they were often not reported in clinical trials30. It was not 

possible to demonstrate influence of external factors on the potential of fluoride 

varnishes in the treatment and prevention of carious lesions (such as initial lesion 

severity and exposure to other fluoride sources)30. However, these factors cannot be 

excluded in the interpretation of the results.  

On the other hand, the beneficial effect of NaF varnish in remineralization is 

more evident for primary teeth than for permanent dentition31,32. Furthermore, there is 

still no consensus on the frequency of fluoride varnish application to stop or reverse 

non-cavitated enamel lesions on smooth surfaces. We found authors who applied 5% 

NaF varnish every 3 to 6 months24,29 while others performed one application per 

week during 4 consecutive weeks17,32. Accordingly, we followed the protocol of 

Almeida et al.17 to improve remineralization and we further reapplied the varnishes 

each 6 months to achieve the preventive effect18.  

Güçlü et al.32 demonstrated no difference in the remineralization of white spot 

lesions in permanent teeth treated with NaF varnish (once week for 4 weeks) 

compared to control, after a follow-up of 3 months, by visual examination and 

fluorescence quantification (DIAGNOdent). Our study also did not show 

remineralizing effect of NaF. A slight remineralizing effect was found only for TiF4 by 

using QLF. The main hypothesis to justify the low effect of fluorides varnishes, 

especially NaF one, on the prevention or regression of dental caries at the present 

study is the low caries rate incidence found in the population. Recently, a paper 
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revised the rate of caries progression, showing that the progression is proportional to 

the severity, with a mean of DMFS increment about 0.1133. The authors suggested 

longer follow-up periods for permanent teeth (> 36 months)33. Considering that our 

population had no severe caries lesions (DMFS 0.05 ± 0.22 at baseline), we advise a 

longer follow up periods for future studies with this population or to test the products 

in a high-caries risk level population. 

A recent systematic review demonstrated that ICDAS is a visual diagnosis 

system with high accurate for carious lesions detection but not for assessing the 

caries lesion progression34. We applied ICDAS instead of DMFS index in the present 

study to detect new caries lesions, since the latter one does not allow evaluating 

initial caries lesions in enamel. Considering the limitation of ICDAS, to assess lesion 

progression/regression we combined two other methods (Nyvad index and QLF)35. 

QLF and DIAGNOdent systems are noninvasive techniques used for research 

purpose, by quantifying the mineral loss of early caries lesions by fluorescence35. A 

recent in vitro study showed that QLF was more efficient in detecting early and 

shallow caries lesions than a spectrophotometer (which evaluates the subtle color 

difference from sound to the demineralized enamel). However, QLF is limited for 

detecting very deep lesions since light scattering may not reflect fully deep mineral 

loss (> 200 µm depth)36. Therefore, QLF is a sensible quantitative complementary 

method with good repeatability and reproducibility, able to quantify small mineral 

changes that might not be detectable by visual inspection37, as it was the case of the 

present study.  

The biofilm control is an important factor that could have influenced the effect 

of the treatments30. In fact, we did not find differences among the groups with respect 

to percentage of visible plaque. Instead, we found a biofilm control improvement after 

3 months of study, highlighting that the frequent presence of the researchers at the 

schools motivated the children to better brush their teeth. The improvement of biofilm 

control might have prevented dental caries development and progression, minimizing 

the effect of treatments.  

With respect to degree of acceptance, the majority of the children reported to 

be pleasant, regardless of the treatment. This result is very interesting once we 

expected that TiF4, due to its low pH, could have caused an unpleased taste change, 

as reported in an in situ study38. Furthermore, no subject reported tooth staining or 

any other side-effect due to the fluorides varnishes application. A recent in situ study 
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showed that 27% of the subjects complained about the taste change and 40% about 

a temporary tooth staining, due to the daily use of TiF4 solution as mouthwash for 5 

days38. Differently from mouthrinses, varnishes are applied in low quantity on tooth 

surfaces, with low direct contact with tongue, reducing eventual effect on the taste 

change. Furthermore, it is applied each 6 months; therefore, the risk of tooth staining 

is low compared to the daily application of a mouthrinse.  

 As conclusion, TiF4 varnish is the only treatment able to show slight 

remineralizing and preventive effect under this study model. Considering the 

limitations of this RCT, the authors suggest that future studies shall be done during 

longer periods (> 36 months), despite of the high probability of dropout overtime, to 

allow seeing caries lesion progression/regression clinically. Furthermore, a high 

caries-risk population shall be included in the RCT to check the effect of TiF4 varnish 

under a worst scenario. 

 

Why this paper is important to pediatric dentists  

This work shows some remineralizing and preventive potential of TiF4 varnish 

applied on permanent teeth of young children. 

In addition, it shows that, despite TiF4 varnish has acid pH, most of subjects 

felt pleased after its application. 

Finally, this study shows that, under very-well controlled conditions, the caries 

progression is low even after 18 months and, therefore, the effect of fluoride 

measures are limited.  
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Table 1. Mean ± S.D. of modified Nyvad’s scores at baseline, after 1, 6, 12 and 18 

months of treatment with TiF4, NaF or placebo varnish (regression/progression 

analysis) 

 Baseline 1 month 6 months 12 months 18 months 

TiF4 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 2.01 ± 0.06 1.99 ± 0.13 

NaF 2.00 ± 0.00 2.00 ± 0.00 2.09 ± 0.25 2.09 ± 0.25 1.99 ±0.45 

Placebo 2.00 ± 0.00 2.03 ± 0.11 2.03 ±0.11 2.04 ± 0.13 1.93 ±0.32 

Two-way RM-ANOVA (time p=0.05 and treatment p=0.588). No statistical differences 

were found for both factors. * 2 means non-cavitated active caries lesion.  
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Table 2. Mean ± S.D. of the data obtained by QLF at baseline, after 1, 6, 12 e 18 

months of treatment with TiF4, NaF or placebo varnish 

  Baseline 1 month 6 months 12  months 18  months 

WS 

(mm2) 

TiF4 3.4±1.5 3.8±2.6 3.8±1.8 3.8±1.8 3.6±2.4 

NaF 3.7±1.9 3.6±2.1 4.0±1.9 3.9±1.5 3.6±1.4 

Placebo 4.1±1.9 3.5 ±1.9 3.6±1.7 4.0±1.9 3.6±1.6 

∆F (%) 

TiF4 -17.5±3.9a -16.7±3.6a -16.1±3.0ab -16.3±3.2ab -14.6±4.0b 

NaF -15.7±3.2a -15.3±3.1a -16.4±2.7a -15.9±2.2a -14.9±2.2a 

Placebo -16.4±3.2a -16.2±3.6a -14.5±1.6a -15.5±1.6a -14.4±2.0a 

Two-way RM-ANOVA (WS: time p=0.555 and treatment p=0.971; ∆F: time p=0.0003 

and treatment p=0.327). Different lowercase letters mean statistical difference among 

times within each treatment group. 
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Table 3. Mean ± S.D. of the percentage (%) of children with dental surfaces showing 

visible plaque after 3, 9 and 15 months of the study 

 
3 months 9 months 15 months 

TiF4 58.3 ± 34.1a 35.1 ± 29.2b 21.9 ± 17.5b 

NaF 65.8 ± 34.7a 30.3 ± 30.9b 28.3 ± 27.0b 

Placebo 64.4 ± 33.4a 22.8 ± 17.3b 22.3 ± 16.2b 

Two-way RM-ANOVA (time p<0.0001 and treatment p=0.169). Different lowercase 

letters mean statistical difference among times within each treatment group. 
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Table 4. Mean ± S.D of percentage (%) of subjects reporting different degrees of 

satisfaction at the end of 6 varnishes applications using a visual scale  

 
Very Pleased (0) Pleased (2) No reaction (4) 

TiF4 77.5 ± 9.4 18.3 ± 5.2 4.2 ± 4.9 

NaF 85.8 ± 4.9 11.7 ± 6.1 2.5 ± 2.7 

Placebo 76.7 ± 5.2 20.8 ± 7.4 2.5 ± 4.2 

No child scored > 4. Means were calculated from each child from the values obtained 

after the six applications. χ2 showed no association between the type of treatment 

and the degree of satisfaction (p=0.515).  
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Figure 1. Consort flow diagram of the study. Schools’ distribution: A- Northern region 

1; B- Northern region 2; C- Southern region; D- Western region; E – Eastern region. 
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Figure 2. Visual scale to assess the degree of patient satisfaction. 
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Figure 3. Mean and standard deviation of the percentage of children with dental 

surfaces scored ICDAS 0 at the end of study (18 months). ANOVA/Tukey (p=0.014) 
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3 DISCUSSION 

 

 

The first paper reported the research protocol applied at the beginning of 

study. However, some changes are seen in the 2nd paper. After the first month, we 

realized the need of quantifying dental plaque, to better understand the risk of 

population for caries. We also changed the way to report the QLF data (from ∆ 

values, we ended the study reporting absolute values). Furthermore, we modified the 

Nyvad index (index 1 by 2, and vice-versa) to facilitate the interpretation of the data.  

Based on the results (2nd paper), the tested null hypothesis was partially 

rejected. TiF4 varnish was not able to change the clinical appearance of the white 

spot lesions, however, it improved the amount of mineral gain resulting in significant 

reduction of enamel fluorescence loss after 18 months of study, in agreement with 

previously in vitro and in situ studies (MAGALHÃES et al., 2008; WIEGAND; 

MAGALHÃES; ATTIN, 2010; COMAR et al., 2012; SOUZA et al., 2018; 

ALEXANDRIA et al., 2019; DOS SANTOS et al., 2019). With respect to prevention of 

new caries lesions, TiF4 varnish also presented a significant higher percentage value 

of sound surfaces at the end of study compared to placebo. The positive results are 

explained by the reaction of Ti with apatite, producing an acid-resistant layer (able to 

prevent demineralization) and by its incorporation into the lesions porous, improving 

mineral gain (enhancing remineralization) (COMAR et al., 2018).  

Previous clinical trials have tested the effect of TiF4 as solution (REED, BIBBY, 

1976; POMARICO; VILARDI; MAIA, 2012) showing promising effects on prevention 

of tooth demineralization and improvement of remineralization. The annual 

application of 1% TiF4 significantly reduced the appearance of new lesions in 

permanent teeth (33% reduction) compared to 1.25% APF (acidulated phosphate 

fluoride) in a follow-up of 3 years (REED; BIBBY, 1976). Pomarico, Vilardi e Maia 

(2012) demonstrated that permanent teeth treated with 4% TiF4 solution (once) plus 

MFP toothpaste (daily) for 4 weeks significantly had lower lesion area (74.5%) 

compared to teeth treated with MFP toothpaste only (67% reduction). In our work, the 

TiF4 varnish reduced the mean fluorescence loss in 16.3% after 18 months compared 

to the baseline values, which was not reflected in clinical appearance changes. 
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On the other hand, NaF varnish did not have protective or remineralizing effect 

on enamel compared to placebo. Following the recommendation for prevention of 

dental caries (HEDMAN; GABRE; BIRKHED, 2015; URQUHART et al., 2019), the 

varnishes were applied each 6 months. Some clinical studies evaluating the potential 

of bi-annual application of fluoride varnish (NaF), to prevent dental caries in primary 

teeth, were unable to find significant differences between the fluoridated and non-

fluoridated groups (or just brushing) after 24-month of follow-up (AGOUROPOULOS 

et al., 2014; JIANG et al., 2014). However, Arruda et al. (2012) demonstrated in 

school children, who had their permanent teeth treated with 5% NaF varnish (bi-

annual), a reduction of caries increment (new lesions) in 41% compared to placebo in 

a follow-up of 12 months. When we compare the results of Arruda et al. (2012) with 

ours, it is obvious to interfere that the protective effect of NaF was found by them due 

to the high-caries risk level of the tested population (DMFS 5.9) compared to the 

children from our study (DMFS 0.05). 

In a longer follow-up period (26 months) with bi-annual application of NaF 

varnish, Hardman et al. (2007) found no differences in caries incidence (NaF, 16% 

children) compared to placebo (19%) on the first permanent molar, similarly to our 

results. In agreement, Milson et al. (2011) also demonstrated that DFS increment 

was 0.65 for patients treated with NaF varnish (annual application) and 0.67 for those 

belongs to placebo group, with no significant differences between them after 36 

months of follow-up. As happened in our study, the above-cited works tested NaF 

varnish in children at low-risk level for caries.  

Marinho et al. (2013) suggested that fluoride varnishes have a good potential 

as caries inhibitor (permanent and primary teeth), regardless of the frequency of 

application (two or four times a year); however, the quality of evidence is still 

moderate due to the high risk of vies of the clinical studies included in the systematic 

review. This systematic review also showed that the side effects and information on 

acceptability was inconclusive, because they were often not reported in clinical trials 

(MARINHO et al., 2013). It was not possible to demonstrate influence of external 

factors on the potential of fluoride varnishes in the treatment and prevention of 

carious lesions (such as initial lesion severity and exposure to other fluoride sources) 

(MARINHO et al., 2013). However, these factors cannot be excluded in the 

interpretation of the results.  
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On the other hand, the beneficial effect of NaF varnish in remineralization is 

more evident for primary teeth than for permanent dentition (GÜÇLU et al., 2016; 

PATIL et al., 2017). Furthermore, there is still no consensus on the frequency of 

fluoride varnish application to stop or reverse non-cavitated enamel lesions on 

smooth surfaces. We found authors who applied 5% NaF varnish every 3 to 6 

months (MILSOM et al., 2011; URQUHART et al., 2019) while others performed one 

application per week during 4 consecutive weeks (ALMEIDA et al., 2011; GÜÇLU et 

al., 2016). Accordingly, we followed the protocol of Almeida et al. (2011) to improve 

remineralization and, we further reapplied the varnishes each 6 months to achieve 

the preventive effect (HEDMAN; GABRE; BIRKHED, 2015).  

Güçlü et al. (2016) demonstrated no difference in the remineralization of white 

spot lesions in permanent teeth treated with NaF varnish (once week for 4 weeks) 

compared to control, after a follow-up of 3 months, by visual examination and 

fluorescence quantification (DIAGNOdent). Our study also did not show 

remineralizing effect of NaF. A slight remineralizing effect was found only for TiF4 by 

using QLF. The main hypothesis to justify the low effect of fluorides varnishes, 

especially NaF one, on the prevention or regression of dental caries at the present 

study is the low caries rate incidence found in the population. Recently, a paper 

revised the rate of caries progression, showing that the progression is proportional to 

the severity, with a mean of DMFS increment about 0.11 a year (HUMMEL et al., 

2019). The authors suggested longer follow-up periods for clinical studies on 

permanent teeth (> 36 months) (HUMMEL et al., 2019). Considering that our 

population had no severe caries lesions (DMFS 0.05 ± 0.22 at baseline), we advise a 

longer follow up periods for future studies with this population or to test the products 

in a high-caries risk population. 

The most common method for caries detection is the visual-tactile by using 

ICDAS, Nyvad and DMFT indexes. The traditional DMFT index does not include 

enamel caries lesions (MELGAR et al., 2016). Therefore, we applied ICDAS, which is 

an accurate and reproducible method for detecting and monitoring early enamel 

lesions over time (GOMEZ, 2015). Braga et al (2010) compared two methods of 

visual inspection (Nyvad and ICDAS), and both presented good reproducibility and 

validity to detect and estimate the depth of the caries lesions, justifying their inclusion 

in the present study. A recent systematic review demonstrated that ICDAS is a visual 
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diagnosis system with high accurate for carious lesions detection but not for 

assessing the caries lesion progression (EKSTRAND et al., 2018). Considering the 

limitation of ICDAS to assess lesion progression/regression, we combined Nyvad 

index and QLF analysis (GOMEZ, 2015).  

QLF and DIAGNOdent systems are noninvasive techniques used for research 

purpose, by quantifying the mineral loss of early caries lesions by fluorescence 

(GOMEZ, 2015). QLF is a sensible quantitative complementary method with good 

repeatability and reproducibility, requiring a smaller number of participants (that may 

decrease the impact of dropout for longitudinal studies) compared to the visual 

analysis (TRANAEUS et al., 2001). A recent in vitro study showed that QLF was 

more efficient in detecting early and shallow caries lesions than a spectrophotometer 

(which evaluates the subtle color difference from sound to the demineralized 

enamel). However, QLF is limited for detecting very deep lesions since light 

scattering may not reflect fully deep mineral loss (> 200 µm depth) (KIM, KIM, 2018). 

Therefore, QLF is an appropriate method, with good repeatability and reproducibility, 

to quantify small mineral changes that might not be detectable by visual inspection 

(SITTHISETTAPONG et al., 2015), as it was the case of the present study.  

The biofilm control is an important factor that could have influenced the effect 

of the treatments (MARINHO et al., 2013). In fact, we did not find differences among 

the groups with respect to percentage of visible plaque. Instead, we found a biofilm 

control improvement after 3 months of study, highlighting that the frequent presence 

of the researchers at the schools motivated the children to better brush their teeth. 

The improvement of biofilm control might have prevented dental caries development 

and progression, minimizing the effect of treatments.  

With respect to degree of acceptance, the majority of the children reported to 

be pleasant, regardless of the treatment. This result is very interesting, once we 

expected that TiF4, due to its low pH, could have caused an unpleased taste change, 

as reported in an in situ study (DE SOUZA et al., 2018). Furthermore, no subject 

reported tooth staining or any other side-effect due to the fluorides varnishes 

application. A recent in situ study showed that 27% of the subjects complained about 

the taste change and 40% about a temporary tooth staining, due to the daily use of 

TiF4 solution as mouthwash for 5 days (DE SOUZA et al., 2018). Differently from 
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mouthrinses, varnishes are applied in low quantity on tooth surfaces, with low direct 

contact with tongue, reducing eventual effect on the taste change. Furthermore, it is 

applied each 6 months; therefore, the risk of tooth staining is lower compared to the 

daily application of a mouthrinse.  

As conclusion, TiF4 varnish is the only treatment able to show slight 

remineralizing and preventive effect under this study model. Considering the 

limitations of this RCT, the authors suggest that future studies shall be done during 

longer periods (> 36 months), despite of the high probability of dropout overtime, to 

allow seeing caries lesion progression/regression clinically. Furthermore, a high 

caries-risk population shall be included in the RCT to check the effect of TiF4 varnish 

under a worst scenario. 
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APÊNDICE A- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 
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APÊNDICE B – TERMO DE ASSENTIMENTO 
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APÊNDICE C – FICHA CLÍNICA  
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APÊNDICE D – FICHA CLÍNICA DO ÍNDICE DE PLACA VISÍVEL (IPV) 
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ANEXO A – APROVAÇÃO PELO CEP 
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ANEXO B -  CADASTRO NO REGISTRO BRASILEIRO DE ENSAIOS CLÍNICOS 
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ANEXO C – ARTIGO PUBLICADO JMIR RESEARCH PROTOCOLS (ARTIGO 1) 
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