
https://doi.org/10.1590/2177-6709.28.1.e2321304.oar 

Dental Press J Orthod. 2023;28(1):e2321304

Ana Beatriz CHEVITARESE1 

 https://orcid.org/0000-0003-2140-7179

Karla Lorene de França LEITE1

 https://orcid.org/0000-0002-0113-6810

Paulo Bechara DUTRA2

In Memoriam 

Matheus Melo PITHON1,3

 https://orcid.org/0000-0002-8418-4139

Lucianne Cople Maia FARIA1

 https://orcid.org/0000-0003-1026-9401

Antônio Carlos de Oliveira RUELLAS1

 https://orcid.org/0000-0001-7973-9286

ORIGINAL ARTICLE

Volume 28 - Number 1 - Online

(1) Universidade Federal do Rio de Janeiro, Departamento de Ortodontia e Odontologia Pediátrica (Rio de Janeiro/RJ, Brazil).

(2) Instituto de Química Analítica da Universidade Federal do Rio de Janeiro (Rio do Janeiro/RJ, Brazil).

(3) Universidade do Sudeste da Bahia, Departamento de Ortodontia (Jequié/BA, Brazil). 

Submitted: March 18, 2022 •  Revised and accepted: August 31, 2022
      biachevitarese75@gmail.com

How to cite: Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO. Effect of an aqueous 
4% titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial. 
Dental Press J Orthod. 2023;28(1):e2321304. 

Effect of an aqueous 4% titanium 
tetrafluoride solution on preventing 
caries in orthodontic patients: 
a controlled clinical trial



Dental Press J Orthod. 2023;28(1):e2321304

2 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

ABSTRACT

Introduction: Titanium tetrafluoride (TiF4) is a fluoride compound 
that, when is applied over enamel, promotes a protection against 
demineralization through a titanium dioxide (TiO2) acid-resistant 
coat.

Objectives: This study sought to verify the hypothesis that a single 
application of 4% TiF4 increases the resistance of enamel to dental 
demineralization in orthodontic patients. 

Materials and Methods: This controlled clinical trial followed 
CONSORT guidelines and investigated the prevention of enamel de-
mineralization, fluoride retention, and the presence of a Ti layer af-
ter TiF4 application on banded teeth exposed to clinical cariogen-
ic biofilm. Forty premolars were divided into a control group (CG; 
n = 20) and a test group (TG; n = 20). Teeth from both groups re-
ceived prophylaxis and orthodontic bands with a cariogenic locus. 
In the TG, all teeth additionally underwent aqueous 4% TiF4 solution 
application after prophylaxis before being banded. After one month, 
teeth from both groups were extracted and prepared to assess the 
microhardness, fluoride retention, and evaluation of the Ti coating 
over the enamel surface. All data were analyzed with a paired Stu-
dent’s t-test (p<0.05). 

Results: Enamel microhardness and fluoride uptake were higher in 
TG than in CG, while the Ti layer could be seen over TG teeth that 
received TiF4 application. 

Conclusion: Under clinical circumstances, the 4% aqueous TiF4 
solution was effective in preventing enamel mineral loss through in-
creasing the enamel resistance to dental demineralization, enhanc-
ing its microhardness and fluoride uptake, and forming a Ti coat. 

Keywords: Dental caries. Dental enamel. Fluorides.
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RESUMO

Introdução: O tetrafluoreto de titânio (TiF4) é um compos-
to fluoretado que, quando aplicado sobre o esmalte dentário, 
promove uma proteção contra desmineralização, por meio da 
formação de uma camada ácido-resistente de dióxido de ti-
tânio  (TiO2). Objetivos: O presente estudo buscou verificar a 
hipótese de que uma única aplicação de TiF4 a 4% aumenta a 
resistência do esmalte dentário à desmineralização, em pa-
cientes ortodônticos. Material e Métodos: Esse ensaio clíni-
co controlado seguiu as diretrizes do CONSORT e investigou a 
prevenção da desmineralização do esmalte, retenção de flúor e 
a presença de uma camada de titânio após a aplicação do TiF4 
em dentes bandados expostos ao biofilme cariogênico clínico. 
Quarenta pré-molares foram divididos em dois grupos: controle 
(GC; n = 20) e teste (GT; n = 20). Dentes de ambos os grupos rece-
beram profilaxia e bandas ortodônticas com nicho cariogênico. 
No GT, todos os dentes também foram submetidos a aplicação de 
solução aquosa de TiF4 4 após profilaxia, antes de serem banda-
dos. Após um mês, os dentes de ambos os grupos foram extraí-
dos e preparados para avaliar a microdureza, retenção de flúor 
e avaliação da camada de titânio sobre a superfície do esmalte. 
Todos os dados foram analisados pelo teste t pareado (p<0,05). 
Resultados: A microdureza do esmalte e a absorção de flúor fo-
ram mais elevadas no GT do que no GC, enquanto uma camada 
de titânio pôde ser observada sobre os dentes do GT, que rece-
beram aplicação TiF4. Conclusão: Em circunstâncias clínicas, a 
solução de TiF4 a 4% foi eficaz na prevenção da perda mineral do 
esmalte, por meio do aumento da resistência à desmineraliza-
ção dentária, aumentando sua microdureza e absorção de flúor, 
e formando uma camada protetora de titânio. 

Palavras-chave: Cárie dental. Esmalte dental. Fluoretos.
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INTRODUCTION

Orthodontic treatment with fixed appliances has been estab-
lished as an integral part of contemporary orthodontics due to 
its capacity for precisely planned tooth movements in all three 
planes of space.1 However, it is well-known that orthodontic 
patients are more inclined to develop dental caries as a result of 
their greater difficulty in maintaining adequate plaque control 
by tooth-brushing, flossing, and mouth-rinsing with fluorides 
during years of treatment,2,3 creating a favorable condition for 
plaque to rapidly adhere and accumulate.4,5 As a result, enamel 
demineralization and gingivitis have come to be regarded as 
the most prevalent consequences of biofilm formation, affect-
ing 50% to 70% of patients with fixed appliances.6 

Fluorides are used in Dentistry to improve the resistance of 
human enamel against acid attack1. However, most of the suc-
cess of fluoride therapy is patient-dependent, often requiring 
consecutive appointments to become effective.

Titanium tetrafluoride (TiF4) began to be researched in 1972 by 
Mundorff et al.7 and Shrestha et al.8, who described its capac-
ity to cover the tooth surface and ability to promote higher 
rates of fluoride penetration and retention in the enamel. 
The created layer also demonstrates less solubility under car-
iogenic challenge.
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This Ti-rich coat, formed by titanium dioxide (TiO2), is more 
resistant than any other fluoride agent,7 decreasing enamel 
solubility and enamel porosity,8 reducing caries formation, and 
enhancing enamel fluoride concentration.9 Besides, it cannot 
be removed from the enamel surface by potassium hydrox-
ide10 or with hydrogen chloride.11 According to Buyukyilmaz et 
al.10 the presence of this Ti coat could be verified over enamel 
up to one year after its application. 

Although there are many studies evaluating TiF4 efficacy in 
caries prevention,12,13 there are also some doubts regarding its 
effects in orthodontic patients. As such, this study sought to 
determine the microhardness and fluoride uptake and to eval-
uate the Ti coat over enamel after the application of 4% TiF4 on 
banded teeth submitted to a high in vivo cariogenic challenge. 
The hypothesis that a single application of this compound 

enhances enamel resistance was also investigated.

MATERIAL AND METHODS
TRIAL DESIGN

This non-randomized, controlled, split-mouth and single-blind 
clinical trial was developed and conducted involving patients of 
orthodontic clinics at an university in Rio de Janeiro (Brazil) and 
was approved by the research ethics committee. The patients 
signed a written consent before their participation on the trial.
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SAMPLE SIZE AND ELIGIBILITY CRITERIA

Ten orthodontic patients scheduled for extraction of the four 
first premolars (n=40) as part of their treatment plan were 
included. To be included, patients were required to be in good 
health, not be taking any medications, and not receiving any 
other medical treatment. Patients with teeth showing enamel 
defects or caries lesions (white spots or cavitation) observed 
under clinical analysis were excluded from the present study. 
The sample size calculation was based on the reduction in the 
enamel mineral loss in the 1% TiF4 solution group, compared to 
negative control (no treatment) observed in a previous study 
by Büyükyilmaz et al.14 Considering a power = 0.8, α = 0.05, 
and based on a two-sided test, a sample size of 15 blocks 
allocated into each group of treatment was required to com-
plete the study. With 30% added to compensate for possible 
losses, at least 20 blocks for each group should be selected 
(BioEstat® v.5.3, Instituto de Desenvolvimento Sustentável 
Mamirauá, Tefé, Brazil). The participants were blinded during 
all clinical procedures.

All clinical examinations and procedures were done by a non-
single-blind calibrated operator at the orthodontic clinic of 
Universidade Federal do Rio de Janeiro (UFRJ, Rio de Janeiro, 
Brazil). The clinical procedures were done at the same appoint-
ment and patient’s instructions were given at the end of it.
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EXPERIMENTAL TIF4

The experimental 4% TiF4 solution was formulated by dissolving 
3.4 g of TiF4 (Sigma-Aldrich Co., St. Louis, MO, USA) in 100 mL of 
deionized distilled water.13 The pH of the fresh solution was 1.0. 

CLINICAL PROCEDURES INTERVENTIONS

All 40 premolars received prophylaxis (with fluoride-free 
prophylactic paste) and were divided (split-mouth) into two 
groups containing 20 teeth each: a test group (TG) contain-
ing teeth from the first and third quadrants, and a control 
group (CG) containing teeth from the second and fourth quad-
rants. This quadrant stratification arrangement was made to 
avoid any interference regarding which side of the mouth the 
patient brushes their teeth best. 

The CG teeth received prophylaxis and orthodontic bands with a 
cariogenic locus. The TG teeth, after receiving prophylaxis, also 
had their buccal surfaces treated by a direct passive application 
of 4% TiF4 solution (pH: 1.0) for 60 seconds with a Microbrush® 
(KG Sorensen), followed by 60 seconds of water-rinsing and 
10 seconds of compressed air-drying. These procedures were 
completed while avoiding any surface contamination by oral 
fluids, using cotton rolls and saliva suction. Thereafter, the TG 
teeth also received orthodontic bands with a cariogenic locus.
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CARIOGENIC LOCUS PREPARATION

The orthodontic bands received two cuts on the buccal sur-
face, measuring 2 mm in length and separated 4 mm from each 
other, to create a retention area for biofilm formation (Fig 1). 
This area represented the experimental cariogenic locus in 
both the CG and TG.

Afterward, all bands were seated, completely adapted, and 
cemented with glass ionomer (Meron®; Voco, Cuxhaven, 
Germany) on the included premolars of both groups. These 
procedures were done by only one not-blinded calibrated 
orthodontist. Patients were instructed to maintain their nor-
mal diet and oral hygiene during the experimental period.

Figure 1: Experimental car-
iogenic locus.
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LABORATORY PROCEDURES

After one month, all premolars were extracted by one blinded 
calibrated dentist, avoiding any damage to the premolar crowns, 
and the teeth were stored in a 0.1% solution of deionized water 
with thymol crystals (pH 7.0).15 After this point, the bands were 
carefully removed and all teeth were washed with deionized 
water to remove plaque and debris.

After root separation, each crown was mesiodistally cut under 
irrigation using a diamond disc and only buccal surfaces were 
prepared for laboratory analysis. Each half was included in epoxy 
resin except for a window (2 mm × 4 mm) on the buccal surface, 
which was the same as that exposed on the cariogenic locus. 

ENAMEL MICROHARDNESS

Twenty teeth were prepared to be analyzed, by a blinded 
operator, for microhardness12. The indentations were made 
on the samples by Leitz load-hardness testing (Micromet 
2003, model no. 16005300; Buehler Ltd., Lake Bluff, IL, USA) 
with a load of 25 g/5 s. The load transmission was always per-
pendicular to the enamel surface, and measurements were 
performed on three sections (Fig 2): section 1 (close to the 
cervical area), section 2 (50 µm occlusal from section 1), and 
section 3 (50 µm occlusal from section 2). Three indentations 
were performed for each section and the means of the three 
measurements were calculated.



10

Dental Press J Orthod. 2023;28(1):e2321304

Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

FLUORIDE UPTAKE

Each sample was individually weighed, immersed lifted by 
a  nylon wire and stored in individual plastic containers with 
10 mL of 1 M solution of potassium hydroxide (Merck reagent 
P.A.; Merck, Kenilworth, NJ, USA) under constant shaking for 
one week. After this period, each sample was weighed again to 
determine the fluoride uptake for each specimen. 

The analysis of fluoride ions was conducted by using 0.5 mL 
of the stored solutions. The free fluoride determination was 
measured using ion chromatography (Dionex DX-100; Thermo 
Fisher Scientific, Waltham, MA, USA) with suppressed con-
ductivity. The instrument was fitted with an IonPac AS10 ana-
lytical column (Thermo Fisher Scientific, Waltham, MA, USA). 
Each stored solution was injected onto the injection loop of the 

Figure 2: Sections at cario-
genic locus.
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instrument and a flow rate of 1.0 mL/min was adopted. Free 
fluoride ions have a well-defined retention time and the peak 
corresponding to fluoride can be readily determined from the 
chromatogram. The peak area was used to determine fluoride 
concentrations by linear interpolation between standard solu-
tion concentrations that were slightly higher and lower than 
that of the test solution16. All these fluoride analysis were done 
by a blinded operator.

ENAMEL TI LAYER

One blinded operator covered 20 specimens with a carbon layer 
to be observed by scanning electron microscopy (model no. 
JSM 6460LV; JEOL Ltd., Tokyo, Japan). For each tooth, electromi-
crography was performed, and Ti mapping through the micro-
probe analysis with an energy dispersive spectrometer was 
completed (Noran System SIX, model no. 200; Thermo Fisher 
Scientific, Waltham, MA, USA) to determine the Ti coat presence.

STATISTICAL METHODS

The obtained results of microhardness and fluoride retention 
were tabulated in Excel (Microsoft Corp., Redmond, WA, USA) 
and imported into the Statistical Package for the Social Sciences 
software program (IBM Corp., Armonk, NY, USA). Data distribu-
tion and normality were checked using the Shapiro-Wilk test. 
Differences between the control and test groups were statisti-
cally evaluated using a Student’s t-paired test with a significance 
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level of 5% (p<0.05). The descriptive analysis was done consid-
ering whether or not the Ti coat showed through during micro-
probe analysis with an energy dispersive spectrometer, and 
the nature of its formation over human enamel.

RESULTS
PARTICIPANT FLOW

All recruited participants remained at the end of the experi-
ment, totalizing 40 teeth (20 of control group and 20 of test 
group) (Fig 3). The trial period was 30 days, starting with bands 
bonding and finishing at teeth extraction.

ENAMEL MICROHARDNESS

The results of microhardness are compiled in Table 1, which 
lists the mean and standard deviation values of Knoop micro-
hardness (Kgf/mm2) for the CG and TG.

Statistical analysis revealed a significant difference between 
the CG (no treatment) and TG (TiF4 treatment) (p<0.05) after the 
in vivo experiment, indicating that microhardness was higher 
in the TG than in the CG. There were no differences between 
sections for the same experimental group (p>0.05).



13

Dental Press J Orthod. 2023;28(1):e2321304

Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

Assessed for eligibility  

(n= 40)

Enrollment

Randomized (n= 40)

Excluded  (n= 0)

• Not meeting inclusion criteria (n= 0)

• Declined to participate (n= 0)

• Other reasons (n= 0)

Allocated to intervention (n= 20)

• Received allocated intervention (n= 20)

• Did not receive allocated intervention (n= 0)

Lost to follow-up (n= 0)

Discontinued intervention (n= 0)

Analysed  (n= 20 )

• Excluded from analysis (n= 0)

Allocation

Follow-Up

Analysis

Allocated to intervention (n= 20)

• Received allocated intervention (n= 20)

• Did not receive allocated intervention (n= 0)

Lost to follow-up (n= 0)

Discontinued intervention (n= 0)

Analysed  (n= 20 )

• Excluded from analysis (n= 0)

Figure 3: Participant flow.
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FLUORIDE UPTAKE

The mean values of fluoride uptake of the TG were higher than 
those of the CG in all specimens (n=40) of both quadrants (Table 2). 

ENAMEL TI LAYER

The superficial Ti layer was present in 100% of the TG (n=20). 
The  presence of Ti was established by electromicrography 
(Fig 4A) and it was verified that the Ti layer was irregular along 
the surface (Fig 4B). Ti mapping displayed a Ti peak graph (Fig 5).

Table 1: Microhardness (Kgf/mm2) values of control group (CG) and test group (TG) (aver-
age of three indentations).

Table 2: Fluoride uptake from test and control groups (mg/ml).

Different uppercase letters in the same column show differences between the treatments (paired t-test p<0.05).

Microhardness n Average SD
Section 1 (TG) 20 345.41A 76.90
Section 1 (CG) 20 209.23B 54.57
Section 2 (TG) 20 341.14A 79.84
Section 2 (CG) 20 207.41B 57.72
Section 3 (TG) 20 332.63A 78.34
Section 3 (CG) 20 217.25B 51.02

PATIENT
1sd Quadrant 2nd Quadrant 3rd Quadrant 4th Quadrant

TG CG TG CG
1 0.0056 0.0037 0.0059 0.0026
2 0.0063 0.0026 0.0071 0.0032
3 0.0057 0.0041 0.0062 0.0036
4 0.0048 0.0035 0.0054 0.0029
5 0.0046 0.0022 0.0057 0.0017
6 0.0077 0.0049 0.0082 0.0059
7 0.0065 0.0050 0.0069 0.0043
8 0.0052 0.0031 0.0070 0.0045
9 0.0075 0.0058 0.0081 0.0062

10 0.0044 0.0027 0.0037 0.0021
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Figure 4: A) Enamel electro-micrography of TG teeth showing titanium layer. B) Titanium 
coat irregular formation.

Figure 5: Titanium peak 
during mapping (TG).

A B

In CG samples (n=20), the enamel appeared normal (Fig 6A) or 
showed demineralization in some areas (Fig 7), and no traces 
of Ti were detected by any Ti peak graph (Fig 6B).
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Figure 7: Demineralization 
areas.

Figure 6: A) Enamel electromicrograph of CG tooth, showing sound enamel. B) Titanium 
peak absence during mapping (CG).

A B
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DISCUSSION

Although this non-randomized, controlled, split-mouth and 
single-blind clinical trial  followed CONSORT guidelines and 
was conducted in a orthodontic clinic with a convenience sam-
ple, we believe that this clinical issue (caries below orthodontic 
bands) is a very common and recurrent problem in orthodon-
tic treatment, faced by all orthodontists. 

The maintenance of enamel’s integrity after orthodontic treat-
ment is one of the orthodontist’s primary goals. However, main-
taining oral hygiene is often difficult and may be complicated 
by the presence of bands and brackets. Thus, the introduction 
of a product that enhances enamel’s resistance is very import-
ant for the orthodontic community. In this regard, the present 
study sought to determine the microhardness and the fluoride 
retention and to evaluate the Ti coat over enamel after the 
application of 4% TiF4 on banded teeth. 

Dental caries typically starts at and below the enamel sur-
face, and are the result of a process in which the crystalline 
mineral structure of the tooth is demineralized by organic 
acids.17,18 The loss of tooth minerals leads to increased 
porosity, widening of the spaces between the enamel crys-
tals, and softening of the tooth’s surface, which allows acids 
to diffuse increasingly deeper into the tooth, resulting in 
further demineralization below the surface (subsurface 
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demineralization).1,17 However, the presence of fluoride can 
inhibit the demineralization of the surface layer, thus also 
protecting deeper structures as well.19

Although there are many methods to determine the demineral-
ization process on human enamel, in this research, the in vivo 
model was chosen to develop dental demineralization, because 
in vitro tests have significant limitations, particularly includ-
ing the incapacity to reproduce the biological processes that 
encompass the development of dental caries.20 In the present 
study, the same protocol of Buyukyilmaz et al14 was used, with 
a four-week experimental time to produce in vivo caries.

Microhardness measurement is one possible way of gather-
ing information on the degree of demineralization or remin-
eralization.21 The Knoop microhardness technique is the most 
commonly used approach and is a simple way of deriving hard-
ness information on enamel.21 The adoption of this method, if 
applied perpendicular to the enamel surface, provides infor-
mation at different depths of a caries lesion.21 In this study, 
the probe was applied as perpendicularly as possible to the 
enamel surface, right on the cervical area of the first premolar 
crown. Unfortunately, the premolar surface could not be flat-
tened before the experiment because the teeth were in the 
patients’ mouths at the time, and after their extraction they 
were already covered by the aforementioned TiO2 layer.
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The results obtained in this study for the TG (pretreated with 
TiF4) were more favorable in terms of avoiding demineraliza-
tion, compared to those of the CG. Noteworthy, section 1 was 
the most susceptible area, due to its proximity to gingival tis-
sues and to the edge of the band, which is more susceptible to 
showing margins that are not well-adapted. 

Reintsema and Arends22 observed a similar result regarding 
microhardness in human enamel. The present findings showed 
that the application of TiF4 not only protected the enamel, but 
also increased its resistance to caries. In fact, the CG experi-
enced less enamel microhardness and showcased white spot 
formation in many samples.

Usually, fluoride concentration is higher on the enamel surface, 
decreasing slowly toward the enamel–dentin junction, where 
it increases again.23 The present trial revealed greater fluoride 
uptake occurred in the TG, compared to the CG. This fact agrees 
with many other studies that reported higher levels of fluoride 
present in enamel after the application of TiF4, when compared 
with acidulated phosphate fluoride (APF) or sodium fluoride.7,24-27

Gu et al.23 previously found that a slight application of TiF4 led 
to high concentrations of fluoride and titanium that remained 
for up to 22 weeks after treatment. Similarly, Skartveit et al.28 
reported that a brief application of TiF4 resulted in the same 
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degree of fluoride increase as four minutes of stannous fluo-
ride (SnF2) application, although the enamel demineralization 
was smaller in the TiF4 group. Data from the present trial cor-
roborate both of these studies’ results, showing that a single 
application of TiF4 could increase enamel fluoride uptake and 
protect the tooth surface against demineralization. According 
to Clarkson and Wefel,24 pretreatment with Ti ion over the 
enamel surface before fluoride application seems to be effec-
tive in increasing the anticaries potential. 

Although orthodontists provide hygiene instructions and dietary 
counseling, many patients are not able to maintain an adequate 
level of buccal hygiene, and may develop an ideal environment 
for the progression of demineralization and dental caries. 

The presence of caries lesions (from white spots to cavitation) 
underneath and around the edges of the bands is a common 
problem faced during orthodontic treatment. With the pur-
pose of minimizing this problem, many agents for bonding and 
cementing have been produced with fluoride, such as glass 
ionomer.29 Nevertheless, even these fluoride-rich cements can 
be dissolved by oral fluids if the bands are not well adapted, 
creating an excellent cariogenic locus wherein the patient can-
not clean with brushing or flossing. 
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Although the TiO2 layer formation after the in vitro applica-
tion of TiF4 over enamel surface can interfere in the adhesion 
mechanism, by decreasing the microshear bond strength of 
composite resin to enamel,35 as regards to orthodontic bands 
bonding, the authors of the present study believe that this TiF4 
layer may not be a problem, since the use of TiF4  did not influ-
ence other bonding processes, like of fiber posts.36 

In this study, 4% TiF4 was applied over TG tooth surfaces before 
banding, in an attempt to protect the enamel surfaces against 
cariogenic challenge. Van der Linden and Dermaut30 suggested 
that orthodontic bands (around their margins or underneath 
them) may facilitate enamel demineralization due to the lack of 
adaptation and cement dissolution brought on by oral fluids.

In CG teeth, it could be observed that some samples exhibited 
demineralized areas on their buccal surfaces, even though the 
enamel was in contact with the glass ionomer cement, which 
releases fluoride. None of the TG teeth showed signs of demin-
eralization, perhaps because of their contact with TiF4 before 
bonding. It seems that, after the application of TiF4, the enamel 
was saturated with free fluoride ions liberated after the Ti ions 
broke the union with fluoride, which immediately linked to 
oxygen present in the enamel, forming a TiO2 coat27 over the 
enamel. The enamel can uptake this free fluoride that links to 
its calcium, forming calcium fluoride. Alexandria et al.31 also 
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observed the TiF4 potential in preventing enamel demineral-
ization under severe cariogenic challenge, and concluded that 
the TiO2 layer formed was effective on enamel protection.

Several authors have described the presence of a Ti-rich coat 
over human enamel after the application of TiF4.

8,10,11,25,27 When 
TiF4 comes into contact with the dental structure, titanium 
breaks its union with fluoride and quickly links to oxygen on 
the enamel surface, forming a superficial coat of TiO2, which 
is chemically nontoxic in biological systems.30,32 The reaction is 
completed in seconds and both the titanium and fluoride ions 
seem to be involved in this process.2

According to the present findings, the presence of a titanium layer 
could be noted in 100% of the teeth from the TG, reinforcing the 
idea that, due to titanium’s attraction to the oxygen, TiO2 is formed 
before free titanium penetrates into the enamel.33 This enamel 
protection was effective for all TG samples, although the titanium 
layer was not homogeneous, which is expected when considering 
the enamel porosity and surface irregularity. 

According to Buyukyilmaz et al.10, the TiO2 coating could be seen 
after one year of its application over enamel surface. Besides, 
if this layer may remain over an occlusal surface for one year, 
when compared to a surface covered by orthodontic bands, a 
long-lasting protective effect against enamel surface deminer-
alization will be present.
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These findings encourage the performance of other studies 
exploring the clinical use of TiF4, including its staying time on 
teeth and reapplication needs. This material may be capable of 
protecting banded teeth against caries, by increasing enamel 
microhardness and fluoride uptake. 

CONCLUSIONS
After the completion of this clinical controlled trial, it could be 
concluded that:

»	 Enamel microhardness was higher when enamel was 
exposed to 4% TiF4 before orthodontic band bonding, indi-
cating that TiF4 has a good potential to prevent enamel 
demineralization. 

»	 Fluoride retention was higher in teeth that received a single 
application of 4% TiF4 before orthodontic band placement. 

»	 Formation of a rich coating occurred over the enamel sur-
face after the application of 4% TiF4. Although the Ti layer 
was irregular, it was enough to keep the enamel surface 
caries-free during the four-week experimental period.



Dental Press J Orthod. 2023;28(1):e2321304

24 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

AUTHORS’ CONTRIBUTIONS

Ana Beatriz Chevitarese (ABC)

Karla Lorene de França Leite (KLFL)

Paulo Bechara Dutra (PBD)

Matheus Melo Pithon (MMP)

Lucianne Cople Maia Farias (LCMF)

Antônio C. de O. Ruellas (ACOR)

Conception or design of the study: 

ABC, ACOR.

Data acquisition, analysis or 

interpretation:  

ABC, KLFL, PBD, MMP, LCMF, ACOR.

Writing the article:  

ABC, KLFL.

Critical revision of the article:

ABC, KLFL, PBD, MMP, LCMF, ACOR.

Final approval of the article: 

ABC, KLFL, PBD, MMP, LCMF, ACOR.

» Patients displayed in this article previously approved the use of their facial and intraoral 
photographs.
» The authors report no commercial, proprietary or financial interest in the products or 
companies described in this article.



Dental Press J Orthod. 2023;28(1):e2321304

25 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

REFERENCES

1.	 Tasios T, Papageorgiou SN, Papadopoulos MA, Tsapas A, 

Haidich AB. Prevention of orthodontic enamel demineralization: 

A systematic review with meta-analyses. Orthod Craniofac Res. 

2019;22(4):225-35. 

2.	 McLaughlin RP, Bennett JC. Evolution of treatment mechanics 

and contemporary appliance design in orthodontics: A 40-year 

perspective. Am J Orthod Orthofacial Orthop. 2015;147(6):654-62. 

3.	 Alexander SA, Ripa LW. Effects of self-applied topical 

fluoride preparations in orthodontic patients. Angle Orthod. 

2000;70(6):424-30.

4.	 Erbe C, Klees V, Braunbeck F, Ferrari-Peron P, Ccahuana-Vasquez RA, 

Timm H, et al. Comparative assessment of plaque removal and 

motivation between a manual toothbrush and an interactive power 

toothbrush in adolescents with fixed orthodontic appliances: A 

single-center, examiner-blind randomized controlled trial. Am J 

Orthod Orthofacial Orthop. 2019;155(4):462-72.

5.	 Mazzoleni S, De Stefani A, Bordin C, Balasso P, Bruno G, Gracco A. 

Dental water jet efficacy in the plaque control of orthodontic 

patients wearing fixed appliance: A randomized controlled trial. 

J Clin Exp Dent. 2019;11(11):e957-e963.

6.	 Skidmore KJ, Brook KJ, Thomson WM, Harding WJ. Factors 

influencing treatment time in orthodontic patients. Am J Orthod 

Orthofacial Orthop. 2006;129(2):230-8.



Dental Press J Orthod. 2023;28(1):e2321304

26 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

7.	 Mundorff SA, Little MF, Bibby BG. Enamel dissolution. II. Action of 

titanium tetrafluoride. J Dent Res. 1972;51(6):1567-71.

8.	 Shrestha BM, Mundorff SA, Bibby BG. Enamel dissolution. I. 

Effects of various agents and titanium tetrafluoride. J Dent Res. 

1972;51(6):1561-6.

9.	 Chevitarese AB, Chevitarese O, Chevitarese LM, Dutra PB. 

Titanium penetration in human enamel after TiF4 application. 

J Clin Pediatr Dent. 2004;28(3):253-6.

10.	 Büyükyilmaz T, Ogaard B, Rølla G. The resistance of titanium 

tetrafluoride-treated human enamel to strong hydrochloric acid. 

Eur J Oral Sci. 1997;105(5 Pt 2):473-7.

11.	 Kazemi RB, Sen BH, Spångberg LSW. Permeability changes 

of dentine treated with titanium tetrafluoride. J Dent. 

1999;27(7):531-8. 

12.	 Alexandria AK, Nassur C, Nóbrega CBC, Valença AMG, Rosalen PL, 

Maia LC. In situ effect of titanium tetrafluoride varnish on enamel 

demineralization. Braz Oral Res. 2017;31:e86.

13.	 Pomarico L, Villardi M, Maia LC. In vivo effect of titanium 

tetrafluoride and sodium monofluorophosphate dentifrice on 

remineralization: a preliminary split-mouth clinical trial. Gen 

Dent. 2012;60(4):e249-54. 

14.	 Büyükyilmaz T, Tangugsorn V, Ogaard B, Arends J, Ruben J, 

Rølla G. The effect of titanium tetrafluoride (TiF4) application 

around orthodontic brackets. Am J Orthod Orthofacial Orthop. 

1994;105(3):293-6.



Dental Press J Orthod. 2023;28(1):e2321304

27 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

15.	 Kandanuru V, Madhusudhana K, Ramachandruni VK, Vitta HM, 

Babu L. Comparative evaluation of microhardness of dentin 

treated with 4% titanium tetrafluoride and 1.23% acidic 

phosphate fluoride gel before and after exposure to acidic pH: 

An ex vivo study. J Conserv Dent. 2016;19(6):560-3. 

16.	 Itota T, Carrick TE, Yoshiyama M, McCabe JF. Fluoride release and 

recharge in giomer, compomer and resin composite. Dent Mater. 

2004;20(9):789-95.

17.	 Jiang M, Mei ML, Wong MCM, Chu CH, Lo ECM. Effect of silver 

diamine fluoride solution application on the bond strength of 

dentine to adhesives and to glass ionomer cements: a systematic 

review. BMC Oral Health. 2020;20(1):40.

18.	 Fan M, Zhang M, Xu HHK, Tao S, Yu Z, Yang J, et al. 

Remineralization effectiveness of the PAMAM dendrimer with 

different terminal groups on artificial initial enamel caries in vitro. 

Dent Mater. 2020;36(2):210-20.

19.	 Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-

Gomez F, et al. Dental caries. Nat Rev Dis Primers. 2017;3:17030.

20.	 White DJ. The application of in vitro models to research on 

demineralization and remineralization of the teeth. Adv Dent Res. 

1995;9(3):175-93; discussion 194-7.

21.	 Kooshki F, Pajoohan S, Kamareh S. Effects of treatment 

with three types of varnish remineralizing agents on the 

microhardness of demineralized enamel surface. J Clin Exp Dent. 

2019;11(7):e630-e635.



Dental Press J Orthod. 2023;28(1):e2321304

28 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

22.	 Reintsema H, Arends J. An in vivo study of microhardness and 

fluoride uptake in partially demineralized human enamel covered 

by plaque. J Dent Res. 1988;67(2):471-3.

23.	 Gu Z, Li J, Söremark R. Influence of tooth surface conditions on 

enamel fluoride uptake after topical application of TiF4 in vitro. 

Acta Odontol Scand. 1996;54(5):279-81.

24.	 Clarkson B, Wefel J. Titanium and fluoride concentrations in 

titanium tetrafluoride and APF treated enamel. J Dent Res. 

1979;58(2):600-3.

25.	 Hals E, Tveit AB, Tötdal B, Isrenn R. Effect of NaF, TiF4 and APF 

solutions on root surfaces in vitro, with special reference to 

uptake of F. Caries Res. 1981;15(6):468-76.

26.	 Soyman M, Stack MV. Effects of fluoride and/or trace elements on 

enamel solubility. Proc Finn Dent Soc. 1989;85(3):167-75. 

27.	 Comar LP, Souza BM, Grizzo LT, Buzalaf MA, Magalhães AC. 

Evaluation of fluoride release from experimental TiF4 and NaF 

varnishes in vitro. J Appl Oral Sci. 2014;22(2):138-43.

28.	 Skartveit L, Gjerdet NR, Ka Selvig. Release of fluoride and metal 

ions from root surfaces after topical application of TiF4, SnF2, 

and NaF in vitro. Acta Odontol Scand. 1991;49(3):127-31.

29.	 Caldeira EM, Izquierdo AM, Giacomet F, Sant’Anna EF, 

Ruellas ACO. The influence of protective varnish on the integrity 

of orthodontic cements. Dental Press J Orthod. 2013;18(6):45-50.



Dental Press J Orthod. 2023;28(1):e2321304

29 Chevitarese AB, Leite KLF, Dutra PB, Pithon MM, Faria LCM, Ruellas ACO — Effect of an aqueous 4% 
titanium tetrafluoride solution on preventing caries in orthodontic patients: a controlled clinical trial

30.	 Van der Linden RP, Dermaut LR. White spot formation under 

orthodontic bands cemented with glass ionomer with or without 

Fluor Protector. Eur J Orthod. 1998;20(3):219-24.

31.	 Alexandria AK, Nassur C, Nóbrega CBC, Branco-de-Almeida LS, 

Dos Santos KRN, Vieira AR, et al. Effect of TiF4 varnish on 

microbiological changes and caries prevention: in situ and in vivo 

models. Clin Oral Investigate. 2019;23(6):2583-91. 

32.	 Castro R, Neves AA, Coutinho ET, Dutra PB, Souza IPR. Effect of 

demineralized application of TiF4 and NaF on deciduous enamel. 

Pesq Odontol Bras. 2000;14:126.

33.	 Huggins CB, Froehlich JP. High concentration of injected 

titanium dioxide in abdominal lymph nodes. J Exp Med. 

1966;124(6):1099-106. 

34.	 Büyükyilmaz T, Sen BH, Ogaard B. Retention of titanium 

tetrafluoride (TiF4), used as fissure sealant on human deciduous 

molars. Acta Odontol Scand. 1997;55(2):73-8. 

35.	 Panahandeh N, Azarsina M, Ostad Hossein N, Fekrazad R. 

Microshear bond strength of composite resin to enamel 

treated with titanium tetrafluoride and the carbon dioxide laser 

(10.6 μm): An in vitro study. J Lasers Med Sci. 2020;11(4):486-90.

36.	 Elsaka SE, Elnaghy AM. Bonding durability of titanium 

tetrafluoride treated glass fiber post with resin cement. Dent 

Mater J. 2019;38(2):189-95.


