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ABSTRACT

This in vitro study aimed to evaluate the effect of the association of different types of fluorides with Er:YAG laser
irradiation on demineralization of the eroded dentin. Slabs of bovine dentin (3x3x2mm) were submitted to 4
erosive challenges in orange juice (pH=3.84) for 5 minutes, 2x/day, during 2 days. After cycles, slabs were
assigned into four groups, according to surface treatment: I. placebo gel-control + Er:YAG laser; Il. titanium
tetrafluoride gel + Er:YAG laser and Il1. sodium fluoride gel + Er:YAG laser. After surface treatment, new erosive
challenges were performed following the same protocol. The microhardness analysis was performed after erosion-
like lesion formation, after treatment and after subsequent erosive challenges. Data were submitted to analysis of
variance (ANOVA) followed by DUNCAN test, at significance level of 5%. After subsequent erosive challenge,
TiF, + ErYAG laser (121.1 + 3.7) and NaF + Er'YAG (110.8 + 3.4) laser showed significantly higher
microhardness values, followed by the group Placebo + Er:YAG laser (106.2 £ 3.9). The use of titanium
tetrafluoride gel and sodium fluoride gel, associated with Er:YAG laser can be an alternative to control
demineralization of the eroded dentin.
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INTRODUCTION

Dental erosion is defined as acid-related loss of tooth
structure, without the involvement of microorganisms.™
Due to the high incidence of erosive lesions,” much
effort has been made to establish a treatment that
prevents the dissolution of the dental mineral substrate,
increasing the tooth’s resistance to acidic substances.™"

becoming this substrate more resistant to erosive
challenges.™ Due to its ability of sealing dentinal
tubules,™ it has been reported that TiF, can reduce
dentin hydraulic conductance,™! as well as, the
hypersensitivity.™!

It has been suggested that TiF, could be used before
bonding procedures to promote a more stable hybrid
layer,® ™ 1 however, its effects have not been totally
clarified. Tranquilin et al showed that TiF, promoted
higher immediate bond strength to dentin, regardless
which conventional adhesive system was used.! On the
other hand, according to another study, the
bond strength of the composite was not affected by this
system,"'® as well as, its use was not effective in
inhibiting demineralization around the restoration
interfaces.”

Therapies based on the application of fluoride
compounds have been carried out.®*! Sodium fluoride
(NaF) can act as a physical barrier through the formation
of a calcium fluoride layer. This layer hinders the contact
of acid with the tooth structure, or act as a mineral
reservoir.’” Recent studies have focused on other
fluorides, such as titanium tetrafluoride (TiF,),** ™ that
contain polyvalent metals which may have a higher
efficacy than NaF due its ability of precipitation or
incorporation of ions into eroded dentin.t’"®

Fluoride application is the most used treatment to

The mechanism of action of TiF, has been attributed to
an interaction of titanium with the tooth surface
proteins.*? Pretreatment with TiF, produces a titanium
coating on the surface™ which can alter the
micromorphology of dentin, producing a precipitate
surface layer on intertubular and intratubular dentin,

prevent dental erosion,®* " %8 however, its effectiveness
in reducing erosion has been questioned when it is used
alone."* 2!l The deposited calcium fluoride-like material
(CaF,) from topical fluoride application is supposed to
dissolve readily in most acidic drinks, * 2 being not
able to protect against initial erosive challenges.!**
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Given that the effectiveness of fluoride employed alone
as a symptomatic therapy for erosion is still under
debate, new preventive therapies have been assessed.?”
Er'YAG laser irradiation  promotes  structural
modifications achieved by a thermal effect produced in
enamel and dentin, with water and carbonate loss.”¥ Its
irradiation may increase the acid resistance of the
enamel® %1 and dentin.”®! Morphological analysis of
eroded dentin showed that Er:YAG laser promoted a
regular flat surface with obliterated tubules and collapse
aspect of the collagen fibers. However, Er:YAG laser
with low energy densities appears to be an alternative for
tooth pretreatment, without compromising the adhesion
of restorative materials.*")

When associated with fluoride compounds, such as silver
diamine fluoride, Er:YAG laser was able to increase its
uptake at depths of up to 20 um®® even when it was
compared with other lasers at sub-ablative levels.”®) On
eroded dentin, the treatment with fluoride varnish
combined with Er:YAG laser promoted an irregular
appearance and the tubules partially or completely
obliterated.™"

Considering that literature is lacking information about
the used ErYAG laser combined with fluoride
compounds in the progression of demineralization of the
eroded dentin, this study aimed to evaluate in vitro the
influence of the association of different types of fluorides
(NaF and TiF,) with Er:YAG laser irradiation on
demineralization of the eroded dentin. The null
hypothesis is that the treatment with NaF or TiF,
combined with Er: YAG laser has no influence on
microhardness of the eroded dentin

MATERIALS AND METHODS

Experimental design

The factor under study was the surface treatment at 3
levels: placebo gel-control + Er:YAG laser (Placebo +
Er:YAG laser), titanium tetrafluoride gel + Er:YAG laser
(TiF, + Er:YAG laser) and sodium fluoride gel +
Er:-YAG laser (NaF + Er:YAG laser). The experimental
units were composed of 30 bovine dentin slabs (n=10),
randomly assigned into 3 groups. The study was a
randomized complete block design and the response
variable was Knoop microhardness (KHN). The flow
chart of the study is presented in Figure 1.

Dentin slabs (n=30)
1

I Inicial erosive challenges I
1
I Microhardness mensuraments (KHMN) I

1
Surface treatment

Er:YAG laser
60 ml, 1 Hz, non-contact mode
- - .

I Microhardness mensuraments (KHMN) I
1

| Further erosive challenges |
1

I Microhardness mensuraments (KHMN) I

Fig. 1: Flow chart of the study

Dentin slabs preparation and selection

Bovine incisors were provided by a company (SIF 1758,
Mondelli Industria de Alimentos S.A., Bauru, SP, Brazil)
after animals being slaughtered for consumption. Teeth
were selected and cleaned with scaler and water/pumice
slurry in dental prophylactic cups. They were then
examined by stereomicroscope (Leica S6 D Stereozoom,
Mycrosystems Leica AG, Switzerland) with an increase
of 40X. The slabs with cracks or structural anomalies
were discarded. The roots were separated from their
crowns in the cement enamel junction using a low speed
water-cooled diamond saw in a sectioning machine
(Isomet 1000; Buehler, Lake Bluff, IL, USA). Dentin
slabs (3 x 3 x 2 mm) were cut from the cervical third of
the root surface. The slabs were fixed in PVC cylinders
% inches with polyester resin and were flattened (Politriz
DP-9U2, Struers A/S, Copenhagen, DK-2610,
Dinamarca) to 2mm with 600 and 1200-grit silicon
carbide paper (Hermes Abrasives Ltd., Virginia Beach,
VA, USA). Afterwards, specimens were polished with
0.3 pum alumina suspension (Buehler, Lake BIuff, IL,
USA) and immersed in the ultrasonic containing
deionized water for 10 minutes to clear the surface.

Microhardness  readings  were  performed in
microhardness tester (HMV-2000, Shimadzu
Corporation, Kyoto, Japdo), with the aid of a diamond
indenter for Knoop microhardness (KHN), with 10 g
static load applied for 20 seconds. A distance of 500 pm
was measured from the top edge of the fragment and a
lateral distance of 500 pum was measured between each
of the indentations. Five microhardness measurments
were performed on the dentin surface. Slabs with
microhardness values 10% above or 10% below the
mean were excluded. The average measurements were
considered the outcome value for each slab.

Erosive challenges

For the initial erosive challenges, specimens were
submitted to 4 cycles of immersion in orange juice
(Fazenda Bela Vista, Agua Branca, SP, Brazil), twice a
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day, for 2 days. Each cycle consisting of the immersion
in 20 mL of orange juice (pH = 3.84; Fazenda Bela Vista,
Tapiratiba, SP, Brazil) for 5 min under shake (CT155,
Cientec, Piracicaba, SP, Brazil). After the -erosive
challenge, the slabs were rinsed for 10 s and stored in
artificial saliva at 37°C, for four hours. After treatment,
further erosive challenges were performed as described
above. Prior to the next cycle, slabs were stored in
artificial saliva at 37°C overnight.

Artificial saliva was used as described by McKnight-
Hanes and Whitford®! and modified by Amaechi et
al,®? consisting of: 2.0 g of methyl p-hydroxybenzoate,
10.0 g of sodium carboxymethylcellulose, 0.625 g KClI,
0.059 g MgCl,.6H,0, 0.166 g CaCl,.2H,0, 0.804 g
K,HPO, and 0.326g KH,PO, (pH 6.75) in 1000 mL of
water.

Surface treatment

Dentin slabs were assigned into 4 groups, according to
the type of fluoride used prior to Er:YAG laser
irradiation: placebo gel-control (pH 5.3) (Bioquanti,
Ribeirdo Preto, SP, Brazil); titanium tetrafluoride gel (pH
1.3) (Bioquanti, Ribeirdo Preto, SP, Brazil) and sodium
fluoride gel (pH 5.5) (Bioquanti, Ribeirdo Preto, SP,
Brazil).

Each fluoride gel was applied with a micro brush on the
dentin surfaces (Dentsply Ind. Com. Ltda, Rio de
Janeiro, RJ, Brazil). Slabs were exposed to the respective
fluoride gel for 1 min, and then removed from the
surface with absorbent paper. Control slabs were exposed
to a placebo gel, using the same protocol.

An Er:YAG laser device (Kavo Key Laser ll;
Kavo, Germany), emitting at 60 mJ output and 1 Hz
frequency, 0.63 mm (spot size), was used to irradiate the
experimental groups. The laser beam was delivered on
non-contact and unfocused mode (at a 4- mm distance).
The irradiation distance was standardized by using an
automatic custom designed apparatus consisting of two
parts: a holder to fix the laser handpiece in such a way
that the laser beam was delivered perpendicular to the
specimen surface, at a constant working distance from
the target site; and a semi-adjustable base, on which the
fragment was fixed. The semi-adjustable base was
automatically moved in both right-to-left and forward-to-

back directions, thus allowing the laser beam to provide
an accurate and standardized irradiation of the entire
dentin sites. The irradiation distance was checked with a
ruler for every sample. The spray of water/air (1.5
mL/min) was activated and the regulation of the water
flow to cool the dental tissue was adjusted through a
valve at the top of the pen (laser hand piece 2051)
connected to the equipment through an optical fiber.

Microhardness analysis

The measurements were performed after: 1) erosion-like
lesion formation, 2) treatment and 3) subsequent erosive
challenges. The protocol used was performed as
described above.

Statistical Analysis

For the statistical analysis, the mean of five KHN
readings was used for each specimen. After checking
normal distribution of data (Kolmogorov-Smirnov test),
Knoop microhardness means were submitted to analysis
of variance (ANOVA), followed by DUNCAN post-test.
A significance level of 5% was adopted. The analysis
was performed using Statistical Analysis Software (SAS
Institute Inc., USA).

RESULTS AND DISCUSSION

Microhardness values of dentin surfaces increased after
the treatments with Placebo gel + Er:YAG laser, TiF, +
Er:-YAG and NaF + Er:YAG laser (p=0.02). After the
subsequent erosive challenge, TiF, + Er:YAG laser and
NaF + Er:'YAG laser showed an increase in the
microhardness compared to the baseline (after erosion-
like lesion formation) (p=0.001), unlike the groups
Placebo gel + Er:YAG laser (p=0.664).

Both groups, TiF4 + Er:YAG laser (p=0.012) and NaF +
Er:-YAG (p=0.002) laser, behaved similarly showing an
increase of microhardness after treatment and no
difference after subsequent erosive challenges (p=0.705).
The control group, Placebo gel + Er:YAG laser, showed
microhardness  values increased after treatment
(p=0.013), however, after subsequent erosive challenges
these values decreased (p=0.013).

Table 1 shows the microhardness values after erosion-
like lesion formation, treatment and subsequent erosive
challenges.

Table 1: Mean (standard deviations) of microhardness values (KHN) of dentin slabs submitted to different

treatments.
Treatment A1;ter erqsion-like I_esion After treatment Afte_r subsequent
ormation (baseline) erosive challenges
Placebo + Er:YAG laser 105.4 (4.6) a 1108 (3.7) b 106.2 (3.9) a
TiF, + Er:YAG laser 1149 (3.9) a 120.5(3.7) b 121.1(3.7) b
NaF + Er:YAG laser 105.9 (4.6) a 1108 (3.4) b 110.7 (3.4) b

Means with the same letter do not differ in by DUNCAN test at a 5% level of significance.

This study has associated the use of a Placebo gel, NaF
and TiF, combined with the Er:YAG laser application.
After subsequent erosive challenges, the slabs treated

with TiF, + Er:-YAG laser and NaF + Er:YAG laser
showed a significant increase of microhardness values,
different of the slabs treated with Placebo gel + Er:YAG

WWW.ejpmr.com

54




Corona et al.

European Journal of Pharmaceutical and Medical Research

laser that showed the similar average microhardness
values compared to the initial condition (after erosion-
like lesion formation). Thus, the null hypothesis tested in
this study was rejected because the treatment with NaF
or TiF, combined with Er: YAG laser had a significantly
different effect on the microhardness of the eroded
dentin.

A previous study demonstrated that a fluoride varnish
combined with Er:YAG laser reduced the permeability
of eroded dentin. In addition, SEM analysis showed
dentinal tubules partially or completely obliterated,
which may be considered an additional benefit in
controlling the dentin demineralization. ®¥ This findings
are in accordance with a previous study which showed
that dentinal tubules were occluded and depressed into
craters after Er:YAG laser irradiation, but more marked
occlusions were observed when laser and NaF gel were
combined. ¥

A hypothesis for the action of fluoride in the dentin may
be due to the effect of a precipitation type material
CaF,,* which may be retained by the tissue,* resulting
in a layer that blocks dentinal tubules, as showed by
previous studies.**"

In the case of TiF,, it reacts with apatite, by dissolution
and precipitation, due to its low pH, leading to the
formation of a layer rich in calcium fluoride, titanium
dioxide and titanium hydrogen phosphate hydrate . 371
This layer provides a dense coating, capable of reducing
the permeability of dentin in care of acid attacks.®! In
addition, after application of TiF,, the nanohardness and
reduced modulus of elasticity of the dentin surface were
greatly increased.®

Studies have been demonstrated that both TiF, and NaF
are effective in reducing erosion® and dentin wear
progression under erosive®*®! and abrasive conditions.!®!
However, the single use of TiF, (as a solution) was not
effective to reduce dentin loss; it was speculated that the
CaF2-layer formed might have not been resistant to
acidic challenges compared to varnishes.™

With the purpose of improving fluoride uptake in dentin,
sub-ablative laser irradiation was used on the current
study based on previous studies that evaluated Er:YAG
laser combined with another fluoride compound.? 2

Analyzing groups independently, after dentin surface
treatment, the microhardness values of the Placebo + Er:
YAG laser group increased compared to the analysis
performed after initial erosion. Laser irradiation,
regardless of association with a fluoride compound, was
able to increase the microhardness of dentin previously
eroded.

In the current study, subablative parameters were used
aiming to modify the dentin surface and increase its
resistance against erosive challenges. Er:YAG laser

modifies dentin providing water loss, changes in
structure and composition of collagen, an increase of
hydroxyl radicals,”® *! and a decreased Ca/P ratio.l*”!
Er:YAG laser can be used to control the permeability of
eroded root dentin, regardless of fluoride varnish
application.™ He et al. found that Er:YAG laser
irradiation affected the acid resistance of sub-surface
dentin promoting an irregular form of scales or flakes.
Contradictorily, after evaluating the amount of mineral
dissolved after laser irradiation, it was found that dentin
has little or no acid resistance; however, laser irradiation

was performed preventively, before the erosive
challenge.l*?
Microhardness determination can provide indirect

evidence of mineral loss or gain on dental surfaces. The
effect of a specific treatment on dental surfaces could be
evaluated by this method since it is sensitive to surface
changes of the tooth structure.”® However, there is a
lack of studies that evaluated the microhardness of
eroded dentin after Er:YAG laser treatment.

Therefore, given the difficulties in controlling the
progression of erosive lesions in clinical situations, new
strategies that may control mineral loss are of great
value. Further studies are required to elucidate the effect
of TiF, and NaF combined with Er:YAG laser on dentin.
In situ studies could be an appropriate choice since this
model reproduces a condition that more closely
resembles the clinical situation.

CONCLUSION

It can be concluded that the use of TiF, and NaF
combined with the Er: YAG laser may be an alternative
to control the demineralization of eroded dentin.

ACKNOWLEDGEMENTS

The authors would like to thank the National Council for
Scientific and Technological Development CNPg and
Ruth Labovitch for the English language review.

CONFLICT OF INTEREST
The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any
nature or kind in any product, service and/or company
that is presented in this article.

REFERENCES

1. Kanzow P, Wegehaupt FJ, Attin T, Wiegand A.
Etiology and pathogenesis of dental erosion.
Quintessence Int, 2016; 47: 275-278.

2. Hasselkvist A, Johansson A, Johansson AK. A 4 year
prospective longitudinal study of progression of
dental erosion associated to lifestyle in 13-14 year-
old Swedish adolescents. J Dent, 2016; 47: 55-62.

3. Bridi EC, do Amaral FL, Franca FM, Turssi CP,
Basting RT. Inhibition of demineralization around
the enamel-dentin/restoration interface after dentin
pretreatment with TiF4 and self-etching adhesive
systems. Clin Oral Investig, 2016; 20: 857-863.

WWW.ejpmr.com

55




Corona et al.

European Journal of Pharmaceutical and Medical Research

10.

11.

12.

13.

14.

15.

16.

17.

Castilho AR, Salomao PM, Buzalaf MA, Magalhaes
AC. Protective effect of experimental mouthrinses
containing NaF and TiF4 on dentin erosive loss in
vitro. J Appl Oral Sci, 2015; 23: 486-490.

Basting RT, Leme AA, Bridi EC, Amaral FL, Franca
FM, Turssi CP, Bedran-Russo AK.Nanomechanical
properties, SEM and EDS microanalysis of dentin
treated with 2.5% titanium tetrafluoride, before and
after an erosive challenge. J Biomed Mater Res B
Appl Biomater, 2015; 103: 783-789.

Comar LP, Cardoso Cde A, Charone S, Grizzo LT,
Buzalaf MA, Magalhaes AC. TiF4 and NaF
varnishes as anti-erosive agents on enamel and
dentin erosion progression in vitro. J Appl Oral Sci,
2015; 23: 14-18.

Magalhaes AC, Levy FM, Rizzante FA, Rios D,
Buzalaf MA. Effect of NaF and TiF(4) varnish and
solution on bovine dentin erosion plus abrasion in
vitro. Acta Odontol Scand, 2012; 70: 160-164.
Magalhaes AC, Levy FM, Rios D, Buzalaf MA.
Effect of a single application of TiF(4) and NaF
varnishes and solutions on dentin erosion in vitro. J
Dent, 2010; 38: 153-157.

Schlueter N, Ganss C, Mueller U, Klimek J. Effect
of titanium tetrafluoride and sodium fluoride on
erosion progression in enamel and dentine in vitro.
Caries Res, 2007; 41: 141-145.

Saxegaard E, Rolla G. Fluoride acquisition on and in
human enamel during topical application in vitro.
Scand J Dent Res, 1988; 96: 523-535.

Tranquilin JB, Bridi EC, Amaral FL, Franca FM,
Turssi CP, Basting RT. TiF4 improves microtensile
bond strength to dentin when using an adhesive
system regardless of primer/bond application timing
and method. Clin Oral Investig, 2016; 20: 101-108.
Gu Z, Li J, Soremark R. Influence of tooth surface
conditions on enamel fluoride uptake after topical
application of TiF4 in vitro. Acta Odontol Scand,
1996; 54: 279-281.

Sen BH, Buyukyilmaz T. The effect of 4% titanium
tetrafluoride solution on root canal walls--a
preliminary investigation. J Endod, 1998; 24:
239-243.

Calabria M, Porfirio R, Fernandes S, Wang L,
Buzalaf M, Pereira J, Magalhdes A. Comparative in
vitro effect of TiF4 to NaF and potassium oxalate on
reduction of dentin hydraulic conductance. Oper
Dent, 2014; 39: 427-432.

Charvat J, Soremark R, Li J, Vacek J.
Titaniumtetrafluoride for treatment of hypersensitive
dentine. Swed Dent J, 1995; 19: 41-46.
Devabhaktuni S, Manjunath M. Effect of 4%
titanium tetrafluoride application on shear bond
strength of composite resin: An in vitro study. J
Conserv Dent, 2011; 14: 43-45.

Twetman S. The evidence base for professional and
self-care prevention--caries, erosion and sensitivity.
BMC Oral Health, 2015; 15 Suppl 1: S4.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Magalhaes AC, Wiegand A, Rios D, Buzalaf MA,
Lussi A. Fluoride in dental erosion. Monogr Oral
Sci, 2011; 22: 158-170.

de Oliveira TA, Scaramucci T, Nogueira FN, Simoes
A, Sobral MA. Effect of mouthrinses with different
active agents in the prevention of initial dental
erosion. Indian J Dent Res, 2015; 26: 508-513.
Larsen MJ, Richards A. Fluoride is unable to reduce
dental erosion from soft drinks. Caries Res, 2002;
36: 75-80.

Larsen MJ. Prevention by means of fluoride of
enamel erosion as caused by soft drinks and orange
juice. Caries Res, 2001; 35: 229-234.

Wiegand A, Magalhaes AC, Sener B, Waldheim E,
Attin T. TiF(4) and NaF at pH 1.2 but not at pH 3.5
are able to reduce dentin erosion. Arch Oral Biol,
2009; 54: 790-795.

Fowler BO, Kuroda S. Changes in heated and in
laser-irradiated human tooth enamel and their
probable effects on solubility. Calcif Tissue Int,
1986; 38: 197-208.

Scatolin RS, Colucci V, Lepri TP, Alexandria AK,
Maia LC, Galo R Galo R, Borsatto MC, Corona SA.
Er:-YAG laser irradiation to control the progression
of enamel erosion: an in situ study. Lasers Med Sci,
2015; 30: 1465-1473.

Correa-Afonso AM, Ciconne-Nogueira JC, Pecora
JD, Palma-Dibb RG. Influence of the irradiation
distance and the use of cooling to increase enamel-
acid resistance with Er:YAG laser. J Dent, 2010; 38:
534-540.

He Z, Otsuki M, Sadr A, Tagami J. Acid resistance
of dentin after erbium:yttrium-aluminum-garnet
laser irradiation. Lasers Med Sci, 2009; 24: 507-513.
Cersosimo MC, Matos AB, Couto RS, Marques
MM, de Freitas PM. Short-pulse Er:YAG laser
increases bond strength of composite resin to sound
and eroded dentin. J Biomed Opt, 2016; 21: 48001.
Mei ML, Ito L, Zhang CF, Lo EC, Chu CH. Effect
of laser irradiation on the fluoride uptake of silver
diamine fluoride treated dentine. Lasers Med Sci,
2015; 30: 985-991.

Mei ML, Ito L, Chu CH, Lo EC, Zhang CF.
Prevention of dentine caries using silver diamine
fluoride application followed by Er:YAG laser
irradiation: an in vitro study. Lasers Med Sci, 2014;
29: 1785-1791.

Nemezio MA, Carvalho SC, Scatolin RS, Colucci V,
Galo R, Corona AS. Effect of Fluoride Varnish
Combined with Er:YAG Laser on the Permeability
of Eroded Dentin: An In Situ Study. Braz Dent J,
2015; 26: 671-677.

McKnight-Hanes C, Whitford GM. Fluoride release
from three glass ionomer materials and the effects of
varnishing with or without finishing. Caries Res,
1992; 26: 345-50.

Amaechi BT, Higham SM, Edgar WM, Milosevic A.
Thickness of acquired salivary pellicle as a
determinant of the sites of dental erosion. J Dent
Res, 1999; 78: 1821-1828.

WWW.ejpmr.com

56



http://www.ncbi.nlm.nih.gov/pubmed/?term=Galo%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24985348
http://www.ncbi.nlm.nih.gov/pubmed/?term=Borsatto%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=24985348
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corona%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=24985348

Corona et al.

European Journal of Pharmaceutical and Medical Research

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Cakar G, Kuru B, Ipci SD, Aksoy ZM, Okar I,
Yilmaz S. Effect of Er:YAG and CO2 lasers with
and without sodium fluoride gel on dentinal tubules:
a scanning electron microscope examination.
Photomed Laser Surg, 2008; 26: 565-571.

Ganss C, Klimek J, Giese K. Dental erosion in
children and adolescents--a cross-sectional and
longitudinal investigation using study models.
Community Dent Oral Epidemiol, 2001; 29:
264-271.

Hellwig E. Fluoride retention in dentin after topical
application of aminefluoride. J Dent Res, 1992; 71.:
1558-1560.

Comar LP, Souza BM, Grizzo LT, Buzalaf MA,
Magalhaes AC. Evaluation of fluoride release from
experimental TiF4 and NaF varnishes in vitro. J
Appl Oral Sci, 2014; 22: 138-143.

Magalhaes J, Sousa RA, Mano JF, Reis RL, Blanco
FJ, San Roman J. Synthesis and characterization of
sensitive hydrogels based on semi-interpenetrated
networks of poly[2-ethyl-(2-pyrrolidone)
methacrylate] and hyaluronic acid. J Biomed Mater
Res A, 2013; 101: 157-1686.

Kazemi RB, Sen BH, Spangberg LS. Permeability
changes of dentine treated with titanium
tetrafluoride. J Dent, 1992; 27: 531-538.

Bachmann L, Diebolder R, Hibst R, Zezell DM.
Changes in chemical composition and collagen
structure of dentine tissue after erbium laser
irradiation. Spectrochim Acta A Mol Biomol
Spectrosc, 2005; 61: 2634-2639.

Omae M, Shinnou Y, Tanaka K, Abo T, Nakata
T, Suzuki K, Hatsuoka Y, lwata N, Yoshikawa
K, Nishitani Y, Yamamoto K, Yoshiyama M. XPS
analysis of the dentin irradiated by Er: YAG laser.
Dent Mater J, 2009; 28: 471-476.

Chiga S, Toro CV, Lepri TP, Turssi CP, Colucci V,
Corona AS. Combined effect of fluoride varnish to
Er:YAG or Nd:YAG laser on permeability of eroded
root dentine. Arch Oral Biol, 2016; 64: 24-27.
Kameyama A, Koga H, Takizawa M, Takaesu Y,
Hirai Y. Effect of Er:YAG laser irradiation on acid
resistance to bovine dentin in vitro. Bull Tokyo Dent
Coll, 2000; 41: 43-48.

WWW.ejpmr.com

57



http://www.ncbi.nlm.nih.gov/pubmed/?term=Omae%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shinnou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakata%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakata%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hatsuoka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwata%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nishitani%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19721285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshiyama%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19721285

