DOI: 10.7860/JCDR/2017/29838.11000

c
o
3=
3]
5
(]
-
£
2
=
c
@
o

Original Article

Assessment of Cytotoxicity of Titanium
Tetrafluoride on Human Fibroblast Cell Line

and Optimisation of Operational Conditions
using Response Surface Methodology

ABSTRACT

Introduction: Fluoride products have an important effect on
preventing Early Childhood Caries (ECC). Titanium tetrafluoride
(TiF4)’s efficacy as a preventive agent suggests its use for
inhibition of caries in man; however, its cytotoxicity is still
questionable.

Aim: To assess the optimisation of operational conditions via
detecting the cell viability against TiF4.

Materials and Methods: In order to find the optimal operational
conditions after TiF4’s application on human Gingival Fibroblast-
like cells (HGF1-PI 1), the Design of Experiments (DoE) based on
Central Composite Design (CCD) was utilised. Concentration,
pH and time of application of TiF4 solution were the three factors
that were evaluated for optimisation of operational conditions.

Results: The proposed optimal operational condition included

INTRODUCTION

ECC is defined as the incidence of one or more decayed, filled tooth
surfaces or missing (due to dental caries) in any primary tooth in
a child 71 months of age or younger [1]. Untreated dental caries
is @ major problem of public health in many countries around the
world, and more specifically untreated caries in deciduous teeth is
one of the most prevalent conditions affecting millions of children
throughout the world [2]. Obviously if left untreated, dental decays
may finally result in severe pain and infections [3] which can affect
the child’s performance and school attendance [4]. This will obligate
the clinician to perform invasive interventions rather than control the
lesions with earlier non-invasive treatment [5].

In this regard, a number of chemical products including various
dentifrices, rinses, varnishes, solutions and gels which contain
chlorhexidine, active calcium and phosphate particles, metals and
fluoride ions are used extensively as non-invasive treatment to
decrease caries progression [6].

Fluoride products like Amine Fluoride (AmF), Stannous Fluoride
(SnF2), Silver Diamine Fluoride (SDF), TiF4 and Sodium Fluoride (NaF)
have been proved to possess a significant remineralising effect on
dental caries [6-9]. NaF potently reduces the solubility of mineralised
tooth components [10,11]. Semiannual topical application of NaF in
high concentration (5%) provides an average reduction of 26% in
caries of permanent teeth of children in non-fluoridated areas. It
is now widely used as varnish in more than 40 countries around
the world, particularly throughout Europe, Australia, the Middle East
and Asia [12].
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2.28% concentration of TiF4 solution with pH value of 1.89
and 1.09 minutes of application period. The model prediction
of 86% cell viability at this optimal condition was verified
experimentally at 82% of cell viability, presenting 95.34% of
agreement. This consistency of the values proved the precision
of the Response Surface Methodology (RSM) method to predict
optimal operational conditions.

Conclusion: The study introduced RSM as a precision and
valid method to evaluate cytotoxicity of newly-developed dental
materials. DOE-based studies could be successfully employed
for optimising the operational conditions during TiF4 solution
application to minimise the possible toxicity on fibroblast-
like cells. Since the present proposed optimum conditions
are in 95.34% of agreement with the experimental ones, thus
these conditions can be considered as optimum operational
conditions.
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However, despite the high efficacy of NaF varnish in preventing initial
lesions, it does not have an impressive effect on deeper lesions
penetrating through enamel layer [13].

TiF4 has become popular recently in the dental research as a
preventive agent against dental caries [14-17]. Some studies
comparing the protective effect of TiF4 versus NaF have concluded
that the experimental TiF4 is more effective in enamel remineralisation
in vitro [18] and causes more reduction in enamel demineralisation
in situ [19]. Higher uptake and deeper penetration of fluoride and
lower acid solubility of tooth structure have been shown with
application if TiF4 in comparison to NaF [20]. These results suggest
its use for prevention of caries in man; however, its cytotoxicity is
still questionable.

According to the current data, concentration, pH and time of
application are the three main factors which would influence the
cytotoxic effect of TiF4 on oral cells and subsequently its safety for
clinical use [21].

Finding out the optimal operational conditions for Ti-based solutions
can improve the efficacy and safety of this preventive agent and
will economise the circumstances predisposing its use in dental
clinics.

In this study, we tried to find out the best and safest operational
environment for the application of TiF4 solutions. Moreover, RSM
is introduced to dentistry world as a novel pattern for analysing
interactions of multiple factors simultaneously without consuming
excessive time and energy [22]. Results of this study would bring a
proper guide for clinicians to apply titanium fluoride safely, and for
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dental researchers to learn effective utilisation of RSM to improve
dental science and materials.

MATERIALS AND METHODS

This experimental study was performed at cell culture laboratory
at Pharmaceutical Biotechnology Department, School of Pharmacy,
Shiraz University of Medical Sciences, Shiraz, Iran, during August
2016 to December 2016 and approved by a Local Ethic Committee
in Shiraz University of Medical Sciences, Shiraz, Iran (#95-01-03-
12523).

Preparation of fibroblast cells: HGF1-PI 1 coding as C165 were
obtained from Pasteur Institute of Iran (IPI). It was transferred to the
laboratory in a pack of dry ice. The master cell bank consisted of
1 mL HGF1-PI 1. Vial including 1 mL HGF1-PI 1 was transferred
to a 96-well plate including Dulbecco's Modified Eagle Medium
(DMEM) cell culture which consisted of 10% Fetal Bovine Serum
(FBS), 100 U/mL penicilin and 100 mg/mL streptomycin in an
aseptic condition with 5% CO2 and 100% humidity at 37°C. Each
well had the maximal volume of 323 pL in which the volume of
every well was set to 200 pL. Cells were subcultured three times
before performing the experiment in order to allow the cells to adapt
with the laboratory environment. Finally, in third step of cell culture,
the concentration of fibroblast-like cells reached at about 1x104
cells per well. After this stage which lasted for 24 hours, cells were
ready to be exposed to TiF4 solution in different concentration, pH
and time displayed in [Table/Fig-1] and in a manner which CCD
designed. In the next step, cells were exposed to tetrazolium MTT
(8-{4, 5-dimethylthiazolyl-2}-2,5-diphenyltetrazolium bromide).
Experimental design: In the preliminary studies, concentration,
pH and time of application of TiF4 solution seemed to be three
critical factors influencing cell viability [21]. In this regard, [Table/
Fig-1] displays formerly studied range of values for each parameter
in brief. Concentration of TiF4 solution extended from 1% to 4%;
pH values limited between 1 and 2, and time of application ranged
from 0.5 to 5 minutes [21,23-25]. The optimised response was the
amount of cell viability (%).

Optimisation study using RSM: The optimal operational conditions
after TiF4’s application on HGF1-PlI 1 were estimated using the
statistical package Design-Expert, version 7.0.0 (Stat- Ease, Inc.
Minneapolis, MN, USA). To evaluate the inter-action and quadratic
effects of three independent factors {concentration (X1), pH (X2),
and time (X3)} on cell viability (Y), the Composite Central Design
(CCD) was used. The final design contained 20 experimental points
implemented in a random order, including 14 factorial and 6 central
points. Six replicates (runs 3, 6, 10, 14, 17, 20) at the center of the
design were performed to compute the pure error sum of squares.
To predict the percentage of cell viability (Y), a regression model was
estimated. The Response (V) is equal to some linear, quadratic and
interactive terms as below:

Y = B0 + X Bi xi + X Bii xi2 + X Bij xixj + € (Eq. 1)
In Eg. 1, BO, Bi, Bii and Bij stand for the constant, linear, quadratic
and the cross-product coefficients respectively. Moreover, the

studied independent variables indicated as Xi and Xj, and ¢ signified
the residual error value.

The F-distribution analysis carried out to calculate the statistical
significance of the estimated regression model. To assess the fitting
of the model, R2 coefficient was calculated.

At the end, in order to study the effects of variations in parameter
levels on cell viability and to determine the optimum level for each
factor, the response surface curves were designed.

Evaluation of cell viability using MTT assay: This method
measures conversion of the tetrazolium MTT salt into formazan as
a marker for mitochondrial activity which constantly occurs in most
viable cells. About 5 mg/mL tetrazolium MTT solution was added to
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each well and the cells were incubated for one hour. Then 100 pL
dimethyl sulfoxide (DMSQO) was charged into the wells to make the
purple formazan soluble. The quantity of formazan was detected
by a plate reader at 570 nm and measured as Optical Density (OD)
[26]. Percentage of cell viability was reported using this formula:

Cell viability = OD 570 (test)/ OD 570 (control) x 100% (Eq. 2)

All the experiments were repeated three times and the average
numbers were recorded.

RESULTS

Data Analysis and Evaluation of the Models

The CCD is able to present the information in forms of curvature
descriptions. It can also model lack of fit. Moreover, the computed
measurements using CCD are reproducible [27].

After preliminary studies, a RSM of CCD including three factors
(concentration, pH and time) and their respective three levels
displayed in [Table/Fig-1] was applied to evaluate the effects of the
mentioned factors.

The DoE and the obtained results were shown in [Table/Fig-2]. The
regression model to predict the percentage of cell viability (Y) was
presented by the following equation (using actual values):

Y = - 415322 X1+82.61207 X2+3.07720 X3 + 0.83333 X1X2 +
0.77778 X1X3 = 3.22222 X2X3 — 1.21129 X12 — 21.50825 X22 —
1.02722 X32 (Eq. 3)

Independent variable Units Symbol Code levels
-1 0 1
concentration % X1 1 2 4
pH X2 1 1.5 2
time min X3 0.5 25 5
[Table/Fig-1]: Independent variables; their coded and actual values used for
optimisation study.
Source DF* gzl)l (vslilr)r:hgf( sl\clxlﬁz:']e F-value | p-value
squares)
Model 9 4871.36 541.26 7.65 0.0019
X1 1 1429.57 1429.57 20.20 0.0012
X2 1 436.70 436.70 6.17 0.0323
X3 1 2062.15 2062.15 29.14 0.0003
X1 X2 1 3.13 3.13 0.044 0.8378
X1 X3 1 55.13 55.13 0.78 0.3982
X2 X3 1 105.13 105.13 1.49 0.2509
X12 1 107.05 107.05 1.561 0.2469
X22 1 416.67 416.67 5.89 0.0357
X32 1 389.72 389.72 5.51 0.0409
Residual 10 707.59 70.76
Lack of fit 5 702.75 140.55 145.40 | < 0.0001
Pure error 5 4.83 0.97
Cor. total 19 5578.95
SD 8.41
Mean 67.95
CV % 12.38
PRESSt 5465.84
R2 0.8732
R2adj 0.7590
R2pred 0.0203
Adeq. precision 9.473

[Table/Fig-2]: Statistical data analysis of the evaluation of studied parameters on cell
viability including analysis of variance (ANOVA) and also the regression coefficients.

* DF: Degree of freedom.
1 PRESS: Predicted residual sums of squares
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[Table/Fig-3]: Predictability of the obtained model for cell viability (%) was studied

using the scatter plot of the predicted versus measured experimental values.

In Eqg. (3), Y is the percentage of cell viability and correspondingly, X1,
X2 and X3 stood for the coded variables of the concentration, pH and
time of application of TiF4 solution. Results of the analysis of variance
(ANOVA) for experimental data were offered in [Table/Fig-2].

As displayed in [Table/Fig-2], the R2 value, adjusted R2 value (R2adj)
and predicted R2 value (R2pred) found to be 0.8732, 0.7590 and
0.0203, respectively, which demonstrate that the regression model
for cell viability fits to the experimental measurements [Table/Fig-3].

Graphical Interpretation of the Response Surface
Model

As represented in [Table/Fig-4a-c], to determine the optimum level
for each factor, Three-Dimensional (3D) surface plots and contour
plots were made. The 3D surface plots show the influence and
dealings of two independent parameters on the cell viability while
the other independent parameter is fixed.

As shown in [Table/Fig-4a], elevating concentration level resulted
in the reduction of cell viability with a slight slope initially, followed
by a sharper inclination passing approximately the point indicating
1.75% concentration of the solution. The trend of decreasing cell
viability with raising the concentration appeared to change in a milder
manner, considering the pH value of 2.0 (in comparison to 1.0).

The [Table/Fig-4a] also showed that increasing the level of pH value
favored the percentage of cell viability. A similar trend was seen for
the same factor relationships (pH and cell viability) in [Table/Fig-4c].

[Table/Fig-4b] displaying the interaction of concentration and time
and their effects on cell viability, demonstrated that with increasing
time of application from 0.5 to 5 minutes the cell viability percentage
decreased. A similar trend could be seen in [Table/Fig-4c], depicting
the influence of time and pH factors on cell viability. Following the
trend, at the point of 1% concentration, the cell viability would be at
its best percentage (about 95%) when the time reaches at its least
amount (0.5 minute) [Table/Fig-4b].

DISCUSSION

In the present study, the study parameters were selected after
searching and studying the existing literature on TiF4’s application
in dentistry. After accurate exploration of the literature, we found
that these three factors (concentration, pH and time) are the main
parameters influencing the preventive effect of this fluoride product.
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Upon literature search, we found different studies which had
evaluated the efficacy of TiF4 as a preventive agent at 1%, 1.55%,
3.4% and 4% concentration. Based on the preliminary studies, we
selected 1% concentration, pH 1 and 0.5 minute as the lower limits
and 4% concentration, pH 2 and 5 minutes as the upper limits of
the ranges of the studied factors.

[Table/Fig-4a] demonstrated the effect of concentration, pH and
their interaction on cell viability. The trend says that from 1 to
approximately 2% TiF4 solution, the concentration factor had a
minimal cytotoxic effect comparing thicker TiF4 solutions which
seemed to have higher influence on cell viability.

In an animal study, Reed AJ and Bibby BJ demonstrated that topical
application of 1% TiF4 reduced enamel solubility more efficacious
than SnF2, NaF and aluminum phosphate fluoride. He concluded
that 1% TiF4 solution would be more protective against dental
caries than other substances [17]. Skartveit L et al., also stated
that application of TiF4 provides high fluoride content on the root
surfaces and can remain at the treated site for a long time [24]. The
present study also indicated that use of 1% TiF4 solution may not
have major cytotoxic effects on human fibroblast-like cells.

On the other hand, a study by Comar LP et al., comparing the
amount of fluoride released from 1.55%, 3.1% and 4% TiF4
varnishes with NaF varnish showed that the 3.1% and 4% TiF4
would release more fluoride content in relation to NaF varnish [28].
This implies that one cannot ignore the better anticaries efficacy of
TiF4 in higher concentrations which seemed to be hazardous to
vital cells according to the present results.

[Table/Fig-4a] also showed that with increasing the pH level, the
percentage of cell viability raised slightly. The pH is a very critical
factor for TiF4 solutions. Skartveit L et al., compared the depth of
demineralisation and subsequent root surface reaction to native
and acidified SnF2 with highly acidic TiF4 [29]. The study showed
that the strong bond of titanium-phosphate complex formed at low
pH (pH 1) of TiF4 solution made the root surface more resistant
to demineralisation in comparison to the other two SnF2 solutions.
Anyway, although the result of present study was not incompatible
with the previous data, it would suggest higher pH values of TiF4
solutions in order to provide less cytotoxic effects. On the other
side, increasing the pH value of TiF4 products is not a practical
option till the date. Because major positive effects of TiF4 — like
protecting enamel from erosion is mainly due to development of
glaze-layer which cannot be formed unless at such low pH value
of TiF4 solution. Considering the danger from low pH values, the
routine home use of TiF4 products and their application by patients
should be limited [30,31].

An old study by Skartviet L et al., comparing TiF4 solutions of 1%
and 3.4% after 10 second, 1 minute, 2 minute and 4 minute being in
contact with root surfaces, indicated that fluoride content on tooth
surfaces were almost the same after treatment with two solutions.
The study also showed that prolonging the time periods beyond 1
minute would not increase the Flouride uptake proportionally [24].
This information is somehow in the same way as [Table/Fig-4b&c],
representing the influence of interaction of time and other two
factors on cell viability, showed. It could be concluded that the ionic
strength of solutions and the time of application can be considerably
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[Table/Fig-4]: Response surface plots (3D) showing the influence of three studied variables on fibroblast cell viability (%), when optimising the following pair of parameters, while

the other parameter was kept constant at a central point (zero level). The interaction between concentration and pH levels on cell viability are presented as a; interaction between

concentration and time on the studied response is depicted as b; whilst ¢ presents the interactions between pH and time.
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reduced and still benefiting from TiF4’s protective effects, while the
safety is ensured.

With the confirmation of the safety of TiF4 application on HGF1-PI 1,
the authors would recommend further surveys on the biocompatibility
of TiF4 solutions with the optimal operational conditions suggested by
this study. It would also be suggested to evaluate the remineralising
and preventive ability of TiF4 solution with the operational conditions
proved as optimal ones. The RSM could also be utilised to evaluate
the changes in the amount of three studied factors on both caries
preventive efficacy and cytotoxicity of TiF4 simultaneously.

LIMITATION

This study was conducted on HGF1-PI 1 as a representative of oral
tissues to assess cell reaction to TiF4. Obviously, this isolate cell line
could not mimic multiple tissue interactions existing in oral cavity;
so the study recommends further evaluation of multiple oral tissue
reactions against TiF4. The sensitivity of MTT assay also could be
questionable in low amounts of cells per mL and the cell culturing
should be implemented cautiously to avoid mistakes.

CONCLUSION

Our results stated that CCD could be robustly used to determine the
optimal level of different elements of operational conditions. It was
proved that the three studied factors have significant influence on
the cytotoxicity of TiF4 solution. The RSM experiment showed that a
level of 2.28 % TiF4 (pH 1.89) in an application period of 1.09 minutes
would bring in 86% cell viability amount. The observed level of viable
fibroblast-like cells under optimised conditions exhibited 82% vitality,
presenting 95.34% agreement between the observed and predicted
values which was quite acceptable. Besides, the adequacy of the
presented model was also demonstrated. This experiment proved
that DOE-based studies could be successfully employed for
optimising the operational conditions during TiF4 solution application
for reducing the possible toxicity on fibroblast-like cells. Moreover,
this method might be applicable for evaluating the cytotoxicity of
newly-developed dental materials with some modifications.

ACKNOWLEDGEMENTS

The authors would like to thank the Vice-Chancellor of Research at
Shiraz University of Medical Sciences for supporting this research
(Grant # 95-01-03-12523). This manuscript is based on a thesis by
Dr. Mahsa Zare. The authors also would acknowledge the Research
Deputy of Shiraz Dental School.

REFERENCES

[1] Dentistry AAoP, Pediatrics AAo, Affairs AAoPDCoC. Definition of early childhood
caries (ECC). Pediatr Dent. 2005;27(7):14. Accessed on July 27, 2017, http://
www.aapd.org/media/policies_guidelines/p_eccclassifications.pdf.

[2] Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ, Marcenes W.
Global burden of untreated caries: a systematic review and metaregression. J
Dent Res. 2015;94(5):650-58.

[3] Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet. 2007;369(9555):51-59.

[4] Jackson SL, Vann WF Jr, Kotch JB, Pahel BT, Lee JY. Impact of poor oral
health on children's school attendance and performance. Am J Public Health.
2011;101(10):1900-06.

[5] Meyer-Lueckel H, Paris S. When and how to intervene in the caries process.
Operative Dentistry. 2016;41:535-S47.

[6]
[7]
[8]

[]

[10]

[11]

[12]
3]

[14]

[18]

[16]

[17]

8]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

www.jcdr.net

Wierichs RJ, Meyer-Lueckel H. Systematic review on noninvasive treatment of
root caries lesions. J Dent Res. 2015;94(2):261-71.

Attin T, Schaller HG, Hellwig E. Fluoride uptake in dentin with and without
simulating dentinal fluid flow. Clin Oral Investig. 1997;1(3):125-30.

Buchalla W, Attin T, Schulte-Monting J, Hellwig E. Fluoride uptake, retention,
and remineralization efficacy of a highly concentrated fluoride solution on enamel
lesions in situ. J Dent Res. 2002;81(5):329-33.

Wiegand A, Krieger C, Attin R, Hellwig E, Attin T. Fluoride uptake and resistance
to further demineralisation of demineralised enamel after application of differently
concentrated acidulated sodium fluoride gels. Clin Oral Investig. 2005;9(1):52-57.
Moi GP, Tenuta LM, Cury JA. Anticaries potential of a fluoride mouthrinse
evaluated in vitro by validated protocols. Braz Dent J. 2008;19(2):91-96.

Seppa L. Effects of a sodium fluoride solution and a varnish with different
fluoride concentrations on enamel remineralization in vitro. Scand J Dent Res.
1988;96(4):304-09.

Yagiela JA, Dowd FJ, Johnson B, Mariotti A, Neidle EA. Pharmacology and
therapeutics for dentistry: Elsevier Health Sciences; 2010.

Sarvas E, Karp JM. Silver diamine fluoride arrests untreated dental caries but has
drawbacks. AAP News. 2016.

Buyukyilmaz T, Tangugsorn V, Ogaard B, Arends J, Ruben J, Ralla G. The effect
of titanium tetrafluoride (TiF4) application around orthodontic brackets. American
Journal of Orthodontics and Dentofacial Orthopedics. 1994;105(3):293-96.
Mundorff SA, Little MF, Bibby BG. Enamel dissolution. Il. Action of titanium
tetrafluoride. J Dent Res. 1972;51(6):1567-71.

Nassur C, Pomarico L, de Sousa VP, Cabral LM, Maia LC. Characterization of
a new TiF 4 and B-cyclodextrin inclusion complex and its in vitro evaluation on
inhibiting enamel demineralization. Archives of Oral Biology. 2013;58(3):239-47.
Reed AJ, Bibby BG. Preliminary report on effect of topical applications of titanium
tetrafluoride on dental caries. J Dent Res. 1976;55(3):357-58.

Magalhaes AC, Comar LP, Rios D, Delbem AC, Buzalaf MA. Effect of a 4%
titanium tetrafluoride (TiF4) varnish on demineralisation and remineralisation of
bovine enamel in vitro. J Dent. 2008;36(2):158-62.

Comar LP, Wiegand A, Moron BM, Rios D, Buzalaf MA, Buchalla W, et al. In situ
effect of sodium fluoride or titanium tetrafluoride varnish and solution on carious
demineralization of enamel. Eur J Oral Sci. 2012;120(4):342-48.

Hals E, Tveit AB, Totdal 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.

Wahengbam P, Tikku AP, Lee WB. Role of titanium tetrafluoride (TiF(4)) in
conservative dentistry: A systematic review. Journal of Conservative Dentistry:
JCD. 2011;14(2):98-102.

Morowvat MH, Babaeipour V, Rajabi Memari H, Vahidi H. Optimization of
fermentation conditions for recombinant human interferon beta production
by escherichia coli using the response surface methodology. Jundishapur J
Microbiol. 2015;8(4):e16236.

Lussi A, Carvalho TS. The future of fluorides and other protective agents in
erosion prevention. Caries Research. 2015;49(suppl 1):18-29.

Skartveit L, Tveit AB, Totdal B, Selvig KA. Effects of TiF4 solutions on root surfaces
in vitro after different application periods. Acta odontologica Scandinavica.
1989;47(1):25-30.

Hove L, Holme B, Ogaard B, Willumsen T, Tveit AB. The protective effect of TiF4,
SnF2 and NaF on erosion of enamel by hydrochloric acid in vitro measured by
white light interferometry. Caries Res. 2006;40(5):440-43.

Terry L Riss, Richard A Moravec, Andrew L Niles, Duellman S, Helene A Benink,
Tracy J Worzella et al. Cell Viability Assays. 2013.

Zolgharnein J, Shahmoradi A, Ghasemi JB. Comparative study of Box-Behnken,
central composite, and Doehlert matrix for multivariate optimization of Pb (Il)
adsorption onto Robinia tree leaves. Journal of Chemometrics. 2013;27(1-2):12-
20.

Comar LP, Souza BM, Grizzo LT, Buzalaf MA, Magalhaes AC. Evaluation of
fluoride release from experimental TiF4 and NaF varnishes in vitro. Journal of
Applied Oral Science: Revista FOB. 2014;22(2):138-43.

Skartveit L, Selvig KA, Tveit AB. Root surface reactions to TiF4 and SnF2
solutions in vitro. An ultrastructural study. Acta odontologica Scandinavica.
1991;49(3):183-90.

Huysmans MC, Young A, Ganss C. The role of fluoride in erosion therapy.
Monographs in Oral Science. 2014;25:230-43.

Wiegand A, Magalhaes AC, Attin T. Is titanium tetrafluoride (TiF4) effective to
prevent carious and erosive lesions? A review of the literature. Oral Health &
Preventive Dentistry. 2010;8(2):159-64.

PARTICULARS OF CONTRIBUTORS:

1. Associate Professor, Department of Paediatric Dentistry, School of Dentistry, Shiraz University of Medical Sciences, Shiraz, Fars, Iran.
2. Assistant Professor, Pharmaceutical Sciences Research Centre, School of Pharmacy, Shiraz University of Medical Sciences, Shiraz, Fars, Iran.
3. Postgraduate Student, Department of Paediatric Dentistry, School of Dentistry, Shiraz University of Medical Sciences, Shiraz, Fars, Iran.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Mahsa Zare,

Postgraduate Student, Department of Paediatric Dentistry, School of Dentistry,
Shiraz University of Medical Sciences, Shiraz, Fars, Iran.

E-mail: mahsazare@sums.ac.ir

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: May 11, 2017
Date of Peer Review: Jun 16, 2017
Date of Acceptance: Jul 05, 2017
Date of Publishing: Dec 01, 2017

Journal of Clinical and Diagnostic Research. 2017 Dec, Vol-11(12): ZC23-2C26



