The Saudi Dental Journal 35 (2023) 996-999

ED©
(Lo pubuies |

Saudi

Dental Journal

Contents lists available at ScienceDirect

The Saudi Dental Journal

journal homepage: www.ksu.edu.sa
www.sciencedirect.com

ELSEVIER

t.)

Check for

Effects of topical fluoride on primary tooth enamel microhardness after ol
diode laser treatment

Ammar Saleh Alshamrani

University Dental Hospital, Faculty of Dentistry, Prince Sultan Campus, Hawaiah, Taif University, Taif, Saudi Arabia

ARTICLE INFO ABSTRACT

Keywords: Objectives: Tooth decay is controlled and prevented using fluorides. Specifically, a combination of laser irradi-

Fluoride ation and topical fluoride application can improve fluoride absorption. Although laser irradiation is recom-

garq;ess mended in traditional technology for caries prevention, little is known about the efficacy of caries-inhibiting
eciauous

laser diodes. Further, most studies have focused on permanent teeth. The objective of this study was to explore
the effect of laser diode radiation mixed with topical fluoride on the enamel surface microhardness of primary
teeth.

Material and method: The 60 primary teeth were divided into 60 plates. Baseline Vickers microhardness was
established for each enamel surface. The samples were then divided into three groups. 4 % NaF varnish (group A)
and 4 % NaF varnish using diode 2 and 3 W lasers (groups B and C, respectively). The final microhardness was
measured and statistically evaluated using SPSS version 16. ANOVA was used to compare the means of the tested
groups, which had a P-value of 0.05, indicating significance.

Result: The mean and standard deviation of microhardness for the different groups was tested. Group C (4 % NaF
with a diode laser at 3 W) showed a higher average Vickers hardness (VHN) than Group B (4 % NaF with a diode
laser at 2 W), whereas group A showed the lowest average VHN. There was a significant difference in micro-
hardness between groups (P 0.05).

Conclusion: This study explored the effect of laser mixed with topical fluoride on enamel surface microhardness of
primary teeth. The use of a diode laser (Quanta System, Italy) with a fluoride varnish applied to the enamel

Diode Laser

surface has a greater effect on the resistance of the enamel to caries.

1. Introduction

The use of various laser types—such as diodes, argon, and COy—in
the field of preventive dentistry have been recommended by various
studies and laser irradiation is an adjunct to conventional caries pre-
ventive treatment (Korytnicki et al., 2006). Through the studies lasers
evolved as a potential alternatives for modifying tooth surfaces and
improving acid resistance (Esteves-Oliveira et al., 2009). Because diode
lasers use fibre optics, they have several distinct advantages over other
lasers including lower cost, ease of use, and smaller size. The literature
search has revealed that there are a very few studies which examined the
effects of diode lasers on tooth enamel hardness (Santaella et al., 2004;
Gonzalez-Rodriguez et al., 2011). Most of the studies using diode lasers
focused on permanent teeth, and few researchers aware of the effects of
lasers on deciduous teeth in terms of caries prevention.

Although the prevalence of caries has recently decreased in many
countries, it remains the most common disease in children
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(Bahrololoomi and Lotfian, 2015). Therefore, the promotion of dental
health should prioritise caries prevention rather than focusing solely on
treatment. A new strategy for improving fluoride binding to the tooth
enamel involves the use of lasers in combination with fluoride (Villalba-
Moreno et al., 2007). Laser light stops the formation of caries on the
enamel surface (Apel et al., 2002) and causes decomposition of the
organic matrix and formation of calcium phosphate. The mix of fluoride
and laser reinforces the bond between fluoride and hydroxyapatite,
producing fluorohydroxyapatite and calcium fluoride on the enamel
surface that act as a resource area. Fluoride prevents tooth decay during
demineralisation (Hsu et al., 2000). The effectiveness of topical fluoride
in preventing caries is well-established (Chu et al., 2010; Hawkins et al.,
2003; Jacobsen and Young, 2003; Lo et al., 2012). Topical fluoride
varnishes, gels, and solutions administered by dentists are beneficial in
the prevention and treatment of dental caries but are subject to ease of
application, patient preference, and risk of ingestion. Most dentists
prefer varnishes because of their efficiency in reduction of dental caries
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(Chu et al., 2010; Hawkins et al., 2003; Jacobsen and Young, 2003; Lo
et al., 2012). Recently, fluoride varnishes were shown to prevent tooth
decay and early enamel lesion (Xhemnica et al., 2008; Amaechi et al.,
2012; Vaikuntam, 2000).

The aim of this in vitro study was to determine the effect of laser
diode radiation mixed with topical fluoride on the enamel surface
microhardness of primary teeth.

2. Materials and methods

Following extraction, 60 primary molars with no caries (for ortho-
dontic reasons) were cleaned using a detergent. The teeth were stored in
distilled water at room temperature. The root of each tooth was removed
using a low-speed diamond disc, and the crown was sliced into two parts
mesiodistally. Each block was made into enamel slabs (2 x 2 x 4 mm)
and embedded in epoxy resin (Alteco, Quick Epoxy Adhesive,
Indonesia). Sixty samples were prepared. To create a flat enamel surface,
the slabs were serially polished using 300, 600, and 1200 grit silicon
carbide sheets and an alumina slurry of 0.2 and 0.05 pm.

All specimens were microhardness tested with a pyramidal diamond
indenter for 5 s and a 300 g load on a Vickers microhardness tester
(Nexus 4000/60, Innovatest, Maastricht, Netherlands) [Fig. 1]. The
microhardness was calculated by subtracting the test force from the
surface area of the indent. Each surface was measured three times, and
the average enamel microhardness was calculated. Baseline micro-
hardness number for comparison used was 286.23 kgf/mm?.

The samples divided into three groups of twenty each:

Group A: A 4 % NaF varnish was utilised on surface of enamel (Sultan
Topex ®, USA). This group of Group A without the application of laser is
the control group for the study.

Group B: On the enamel surface, varnish was applied at a concen-
tration of 4 % NaF, followed by a 2-watt diode laser [Fig. 2].

Group C: On the enamel surface, varnish was utilised at a concen-
tration of 4 % NaF, followed by a 3-watt diode laser [Fig. 3].

Irradiation was performed using a diode laser (Quanta System, Italy)
in continuous mode at 980 nm with an exposure time of 15 s. The
irradiation distance was set at 5 mm and the optic fibre tip diameter was
320 um. A holder was used to ensure that the laser handpiece tip on the
enamel surface was equidistant. All customary safety precautions were
followed during laser application.

Fig. 1. A microhardness tester.
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Fig. 2. 2 W Diode 980 nm.

"'\c‘vca

ODONTO. GENERIC

||urwu".." [V Inee €200
|

Fig. 3. 3 W Diode laser (980 nm).

The fluoride varnish on the specimen surfaces was removed with an
electric toothbrush (Oral-B Laboratories Inc., lowa City, IA, USA) for 5 s
after 24 h of storage in distilled water, and then rinsed with distilled
water (30 s). The microhardness was measured under identical condi-
tions to the previous measurement, and the results were recorded.

Repeated measures analysis of variance (ANOVA) was used to
compare microhardness variations following treatment between the
three groups. Statistical analyses were performed using SPSS version 16
(IBM, Armonk, NY, USA).

3. Results

Table 1 shows the mean and standard deviation of microhardness for
the different groups. Group C (4 % NaF with a diode laser at 3 W)
showed a higher average Vickers hardness (VHN) than Group B (4 %
NaF with a diode laser at 2 W), whereas group A showed the lowest
average VHN. The differences among groups [A, B, and C] was signifi-
cant (P 0.05).
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Table 1
The mean and standard deviation of microhardness for different groups.
Groups Baseline Microhardness SD Final Microhardness SD Microhardness Change SD P-value
Mean Mean Mean
Group A 286.23 64.717 385.25 49.20 99.02 55.41 0.010%***
Group B 318.46 70.596 421.23 32.15 102.77 64.23
Group C 338.33 59.580 431.17 21.76 92.84 44.75

4. Discussion

Fluoride is a well-known, thoroughly researched, and effective
method for preventing caries. The ability of fluoride to inhibit the onset
and progression of tooth decay is behind its successful caries prevention
(Gorton and Featherstone, 2003). Researchers have studied the use of
diode lasers on tooth enamel surfaces since the 1970s. Laser types pro-
duce structural and ultrastructural changes in the tooth enamel (Klim
et al., 2000). There are various theories regarding how reactivity occurs
in enamel treated with diode lasers (Santaella et al., 2004). The coa-
lescence of microparticles at the surface of tooth enamel is one expla-
nation for decreased permeability (Aoki et al., 2008). Another theory
suggests a relationship between diminished porosity and melting,
fusion, and recrystallisation of enamel particles, forming bars on the
tooth exterior (Schoop et al., 2004). Therefore, the optimal procedure is
to use a diode laser before the appearance of a lesion.

Laser irradiation of enamel can affect caries through surface melting
and recrystallisation of enamel hydroxyapatite crystals (Featherstone
and Nelson, 1987), changes in enamel solubility, porousness (Hsu et al.,
2000; Schmidlin et al., 2007), and calcium fluoride deposition (West-
erman et al., 1999). This may also have promoted resistance.

The treatment of samples with a 2 or 3 W diode laser combined with
NaF varnish improved fluoride uptake by the primary tooth enamel,
when in association with controls. This difference was statistically sig-
nificant because diode laser irradiation resulted in melting and re-
solidification of the enamel surface of deciduous teeth, making the
enamel more resistant to acids using this mechanism. Therefore, it plays
an important role in the inhibition of tooth decay.

After evaluating the results of two types of fluoride varnishes in our
study, a significant increase in enamel microhardness observed in both
sample groups. These results are similar to a study by Nalbantgil D et al.,
which concluded that microhardness after application of fluoride var-
nish was greater than that of the control group (Nalbantgil et al., 2013).
Sh et al. (2013) in their study, compared the microhardness of the
enamel surface between Naf and Amf solutions (Sh et al., 2013). The
study showed that fluoride enhances the remineralization process
through the cumulative growth of demineralized enamel crystals. AmF
compounds have increased microhardness of tooth enamel compared to
NaF. Dionysopoulos D concluded in their study that the topical fluoride
treatments (0.05 % NaF daily, 0.2 % NaF weekly, and 5 % NaF final
topical fluoridation) significantly increased the surface microhardness
of tooth enamel after bleaching. (Dionysopoulos et al., 2017). Gatti et al.
also concluded that toothpaste with high fluoride concentrations (1100
ppm) and fluoride varnish in combination with toothpaste reduced tooth
enamel demineralization compared to the negative control group (Gatti
et al., 2011). In a study by Navabi et al. and Maia et al. Frequent use of
fluoride toothpaste showed a greater effect on the microhardness of
fluoride absorption on the tooth enamel surface compared to the com-
bination with fluoride varnish (Navabi et al., 2011; Maia et al., 2003). A
study by Tavassoli-Hojjati et al. showed increased enamel microhard-
ness compared to the control group, which is similar to the present
study. They used Iranian APF gel (Kimia). But in a study by Biria et al.
Unlike in the present study, fluoride gel (Sina) was not significantly
different than the control group with regard to fluoride intake (Biria
et al., 2004). Although Duraflor varnish increased enamel microhard-
ness slightly more than Ariadent varnish in this study, there was no
significant change in average microhardness between two types of
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varnish after the procedure (p < 0.05). The study by Tavassoli-Hojjati
et al. also came to the same conclusion regarding Iranian and foreign
APF gel (Tavassoli-Hojjati et al., 2012). Lee et al. investigated the effects
of three types of topical fluoride treatment (NaF solutions 2 %, gel-APF,
cavity protective varnish) on the remineralization of enamel caries le-
sions. The study concluded that fluoride treatment regimens have no
significant differences in fluoride uptake and reduction in fluorescence
lesion area (Lee et al., 2010).

5. Conclusion

This study explored the effect of laser mixed with topical fluoride on
enamel surface microhardness of primary teeth. The use of a diode laser
(Quanta System, Italy) with a fluoride varnish applied to the enamel
surface has a greater effect on the resistance of the enamel to caries.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

Amaechi, B.T., et al., 2012. In situ remineralization of early caries by a new high-fluoride
dentifrice. Gen. Dent. 60 (4), e186-e192.

Aoki, A., et al., 2008. Current status of clinical laser applications in periodontal therapy.
Gen. Dent. 56 (7), 674-687.

Apel, C., et al., 2002. Calcium solubility of dental enamel following sub-ablative Er: YAG
and Er: YSGG laser irradiation in vitro. Lasers Surg. Med. 30 (5), 337-341.

Bahrololoomi, Z., Lotfian, M., 2015. Effect of diode laser irradiation combined with
topical fluoride on enamel microhardness of primary teeth. J. Dent. Tehran Univ.
Med. Sci. Tehran Iran 12 (2).

Biria, M.J., Dehghan, F., MalekAfzali, B., 2004. A comparison on fluoride uptake rates in
the enamel of permanent teeth after application of CINA and ADA standard gel
(SULTAN). Majallah-I-Dandanpizishki. 16 (50), 6-14.

Chu, C.H.,, et al., 2010. Use of fluorides in dental caries management. Gen. Dent. 58 (1),
37-43.

Dionysopoulos, D., Koliniotou-Koumpia, E., Tolidis, K., Gerasimou, P., 2017. Effect of
fluoride treatments on bleached enamel microhardness and surface morphology.
Oral Health Prev. Dent. 15 (2), 169-175.

Esteves-Oliveira, M., et al., 2009. CO;, laser (10.6 pm) parameters for caries prevention in
dental enamel. Caries Res. 43 (4), 261-268.

Featherstone, J.D.B., Nelson, D.G.A., 1987. Laser effects on dental hard tissues. Adv.
Dent. Res. 1 (1), 21-26.

Gatti, A., Camargo, L.B., Imparato, J.C.P., Mendes, F.M., Raggio, D.P., 2011.
Combination effect of fluoride dentifrices and varnish on deciduous enamel
demineralization. Braz. Oral Res. 25 (5), 433-448.

Gonzalez-Rodriguez, A., et al., 2011. Comparison of effects of diode laser and CO, laser
on human teeth and their usefulness in topical fluoridation. LasersMed. Sci.
26317-32624.

Gorton, J., Featherstone, J.D.B., 2003. In vivo inhibition of demineralization around
orthodontic brackets. Am. J. Orthod. Dentofac. Orthop. 123 (1), 10-14.

Hawkins, R., et al., 2003. Prevention. Part 7: professionally applied topical fluorides for
caries prevention. Br. Dent. J. 195 (6), 313-317.

Hsu, C.-Y., et al., 2000. Effects of low-energy CO» laser irradiation and the organic matrix
on inhibition of enamel demineralization. J. Dent. Res. 79 (9), 1725-1730.

Jacobsen, P., Young, D., 2003. The use of topical fluoride to prevent or reverse dental
caries. Special Care Dent. 23 (5), 177-179.

Klim, J.D., et al., 2000. The diode laser in dentistry. Rev. Wavelengths 8 (4), 13-16.

Korytnicki, D., et al., 2006. Effects of Nd: YAG laser on enamel microhardness and dental
plaque composition: an in situ study. Photomed. Laser Surg. 24 (1), 59-63.

Lee, Y.E., Baek, H.J., Choi, Y.H., Jeong, S.H., Park, Y.D., Song, K.B., 2010. Comparison of
remineralization effect of three topical fluoride regimens on enamel initial carious
lesions. J. Dent. 38 (2), 166-171.

Lo, E.C.M,, et al., 2012. Use of professionally administered topical fluorides in Asia. Adv.
Dent. Res. 24 (1), 11-15.


http://refhub.elsevier.com/S1013-9052(23)00214-6/h0005
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0005
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0010
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0010
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0015
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0015
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0020
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0020
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0020
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0025
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0025
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0025
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0030
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0030
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0035
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0035
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0035
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0040
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0040
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0045
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0045
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0050
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0050
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0050
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0055
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0055
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0055
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0060
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0060
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0065
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0065
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0070
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0070
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0075
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0075
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0080
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0085
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0085
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0090
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0090
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0090
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0095
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0095

A.S. Alshamrani

Maia, L.C., de Souza, L.P., Cury, J.A., 2003. Effect of a combination of fluoride dentifrice
and varnish on enamel surface rehardening and fluoride uptake in vitro. Eur. J. Oral
Sci. 111 (1), 68-72.

Nalbantgil, D., Oztoprak, M.O., Cakan, D.G., Bozkurt, K., Arun, T., 2013. Prevention of
demineralization around orthodontic brackets using two different fluoride varnishes.
Eur. J. Dent. 7 (1), 41-47.

Navabi, B., Ansari, G., Khan, Z., Kheirieh, P., Najafi, B., 2011. Fluoride uptake level of the
enamel by a fluoride varnish and a fluoride gel (APF) Journal of Dentistry. Shiraz
Univ. Med. Sci. 12 (3), 214-220.

Santaella, M., et al., 2004. Effect of diode laser and fluoride varnish on initial surface
demineralization of primary dentition enamel: an in vitro study. Int. J. Paed. Dent.
14 (3), 199-203.

Schmidlin, P.R., et al., 2007. CO2, laser-irradiation through topically applied fluoride
increases acid resistance of demineralised human enamel in vitro. Oral Health
Prevent. Dent. 5 (3).

Schoop, U, et al., 2004. Bactericidal effect of different laser systems in the deep layers of
dentin. Lasers Surg. Med. 35 (2), 111-116.

999

The Saudi Dental Journal 35 (2023) 996-999

Sh, P., Raghu, R., Shetty, A., Gautham, P., Reddy, S., Srinivasan, R., 2013. Effect of
organic versus inorganic fluoride on enamel microhardness: An in vitro study.
J. Conserv. Dent. 16 (3), 203-227.

Tavassoli-Hojjati, S., Haghgoo, R., Mehran, M., Niktash, A., 2012. Evaluation of the effect
of fluoride gel and varnish on the demineralization resistance of enamel: An in vitro.
J. Islamic Dent. Assoc. Iran (JIDA) 24 (1), 39-46.

Vaikuntam, J., 2000. Fluoride varnishes: should we be using them? Pediatr. Dent. 22 (6),
513-516.

Villalba-Moreno, J., et al., 2007. Increased fluoride uptake in human dental specimens
treated with diode laser. Lasers Med. Sci. 22137-22242.

Westerman, G.H., et al., 1999. Combined effects of acidulated phosphate fluoride and
argon laser on sound root surface morphology: an in vitro scanning electron
microscopy study. J. Clin. Laser Med. Surg. 17 (2), 63-68.

Xhemnica, L., et al., 2008. Fluoride varnish application: a new prophylactic method in
Albania. Effect on enamel carious lesions in permanent dentition. Eur. J. Paediatr.
Dent. 9 (2), 93.


http://refhub.elsevier.com/S1013-9052(23)00214-6/h0100
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0100
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0100
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0105
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0105
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0105
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0110
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0110
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0110
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0115
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0115
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0115
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0120
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0120
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0120
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0125
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0125
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0130
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0130
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0130
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0135
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0135
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0135
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0140
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0140
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0145
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0145
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0150
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0150
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0150
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0155
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0155
http://refhub.elsevier.com/S1013-9052(23)00214-6/h0155

	Effects of topical fluoride on primary tooth enamel microhardness after diode laser treatment
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	References


